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For Diesel Engines 
of up to 500 b.h.p. 
per cylinder 


C.A.V. fuel injection equipment for compression 
ignition engines is made in a range of sizes 
suitable for engines from the smallest portable 
up to large units for power station and marine 
duty. As the largest manufacturers of this type 
of equipment in the world, C.A.V. offer 
unrivalled experience and technical facilities to 
all diesel engine builders in the achievement of 
highest efficiency. The research and development 
laboratories are excellently equipped and are 
amongst the best in the country. World-wide 
service for C.A.V. equipment is provided in over 
100 countries by depots and agents (including 
over 120 in Great Britain) where technical 
assistance and maintenance equipment are Pu 
always available. 
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** THE ESSENTIAL 
ENGINEER ” 


TT latest official book on atomic energy 
production in this country (an extract 
from which appears on page 124 of this 
issue) states that a cardinal doctrine of the 
headquarters organisation at Risley is “‘ the 
doctrine of the essential engineer.”” Every 
operation there, except the purely adminis- 
trative and clerical, is controlled and usually 
performed by an engineer, because only by so 
doing is it possible to ensure that the engi- 
neering point of view prevails. For the 
engineer that is a very agreeable admission, 
but he will probably feel that the author of 
the book has been more than generous to the 
profession in informing the layman that 
**a competent engineer can design anything 
provided he is given the fundamental scientific 
information about the processes to be used, 
for the principles on which he works are the 
same whether he is designing a ship, a gas- 
works or an atomic energy plant.” 

Maybe the restrictive influence of special- 
isation among engineers is, after all, exag- 
gerated. On February 4, 1946 — one reads in 
the official book — the nucleus of the Produc- 
tion Division, consisting of twelve men and 
women, moved into their new headquarters 
at Risley. Only one man knew anything 
about atomic energy. The first thing done 
was to call a meeting of the group and ask the 
one informed member, who had spent some 
time at the Canadian atomic energy plant, to 
tell the rest, in the simplest terms, the nature 
of atomic energy. In seven years the staff of 
the Division, aided by Government depart- 
ments and industrial firms — notably Imperial 
Chemical Industries, Limited — have designed, 
built and brought into operation three 
atomic energy factories for the production of 
fissile materials. The director of the organ- 
isation is Sir Christopher Hinton, whose 
achievement is evidence of the soundness of a 
broad mechanical engineering training such 
as he obtained as an engineering apprentice 
at Swindon locomotive works. 

The work was tackled in stages, starting 
with the uranium production plant at 
Springfields, turning attention later to the 
production pile and the chemical plant for 
separating plutonium from irradiated ura- 
nium, at the Windscale works, and finally the 
diffusion plant, which came into operation 
recently at Capenhurst. The main problems 
were not of nuclear physics so much as 
chemistry and metallurgy (it is remarkable 
how often metallurgical considerations are 
the controlling factor in engineering progress 
generally). Many materials had to be used 
which either were entirely new to factory 
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operations or had not been used on so large 
a scale before. 

All this work is very competently explained 
in terms which will suit the large number of 
people who have some scientific knowledge 
but not knowledge of atomic energy. In 
that respect the book may be expected to 
spread an understanding of these matters 
more effectively than the recent Reith Lec- 
tures, though, of course, the subjects are not 
quite the same. When so much has been 
accomplished in seven years it is interesting 
to read the chapter on “ Risley and the 
future,” in which the generation of power 
for industrial purposes is considered. The 
Production Division is, of course, quite 
distinct from Harwell, where the basic science 
of atomic energy is the main considera- 
tion. At Risley, more and more attention 
is being devoted to the production of power. 

If certain assumptions are found to be 
valid, it may ultimately be possible com- 
pletely to replace coal by nuclear fuel for 
the generation of electrical power in the 
United Kingdom. In any event, many years 
must elapse before such a goal can be reached, 
but it may be possible within the next 20 years 
to build a reactor system which would gener- 
ate enough electricity to effect a saving of 
20 million tons of coal a year — the amount 
by which estimated production will fall short 
of estimated consumption during the next 
15 to 20 years. A possible way to achieve 
this, it is thought, would be to build a 
number of power-converter thermal reactors, 
using natural or slightly enriched uranium. 
In 20 years efficient power breeders will 
have been developed to the point at which 
they could be built in numbers great enough 
to achieve the ultimate goal —the generation 
of all the country’s electricity. 

This is a very attractive proposition, and 
no doubt the Government will give authority 
to proceed as rapidly as possible. Not 
that this scheme of development is an agreed 
programme -—the book makes it plain that 
it is only a suggestion, and one that would 
incur tremendous expenditure — but it is 
believed that “‘ power generation on the scale 
described is technically feasible and that it 
may be possible to carry through the project 
along the lines suggested.””> Meanwhile, the 
staff at Risley are engaged on short-term 
work, including a prototype power station 
employing a natural uranium pile cooled by 
gas under pressure. There is a question in 
connection with this plant which is still to be 
answered, namely, how long the uranium 
fuel may be left in the pile before it is removed 
for processing. The economics of the plant 
will depend very largely on the answer to this 
question. Whatever the answer, the achieve- 
ment of the past seven years augurs well for 
the future of atomic energy in Britain. 





Weekly Survey 


THE HEAT BARRIER 


Although the sound barrier has not yet been 
officially “* broken” in piloted flight under the 
agreed conditions for an international air-speed 
record, the reality of supersonic flight becomes 
more apparent with the increasing frequency of 
the “ supersonic bang.” Every day the possi- 
bility of sustained supersonic flight becomes less 
academic and less remote. 

In the transonic range, the more important 
problems have been, and still are, those of aero- 
dynamic stability and control, but beyond the 
sound barrier the effects of aerodynamic or 
kinetic heating begin to outweigh all the other 
problems of aircraft design. So much so that 
the prospect of a “* heat barrier,” or of a range of 
“heat barriers” for different materials and 
different types of construction, is now apparent. 

This, essentially, was the principal theme at a 
conference on thermal stress, convened recently 
by the Stress Analysis Group of the Institute of 
Physics. The proceedings of the conference are 
briefly reported on page 115. Among the points 
of interest that arose was a suggestion that, as 
speeds increased above Mach 2, the power 
required for cooling might tend to approach that 
required for propulsion. Two possibilities were 
suggested for reducing the stresses arising from 
thermal expansion — the development of materials 
with low coefficients of expansion, and the use of 
a composite construction such as light-alloy 
webs and a sheet-steel skin, which, it was 
considered, would alleviate transient stresses. It 
was agreed generally that structure tests on 
aircraft structures would have to include the 
simulation of kinetic heating. 

The development of suitable alloys could be 
fostered, it was suggested, if aircraft engineers 
could give closer guidance as to the creep strength 
and other properties that they desired in aircraft 
structural materials. The possibilities of X-ray 
diffraction methods for determining thermal 
stresses were mentioned. 
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BRITISH STEEL INDUSTRY IN 1953 


In 1953 a further substantial increase in produc- 
tion was achieved by the steel industry in this 
country. Figures issued by the British Iron and 
Steel Federation and discussed on page 101 of 
this issue show that the outputs of steel ingots 
and castings in every month of last year were 
above the 1952 levels, and the increase for the 
whole year was the largest recorded in any post- 
war year except 1948, when the production rose 
rapidly after having been affected seriously by 
the fuel crisis of 1947. The output for 1953 was 
17,609,000 tons which, on a comparable basis, 
is nearly 14 million tons more than the 1952 
total. The Federation state that an even larger 
output appeared at one time to be possible, but 
that production in the summer and early autumn 
fell somewhat short of expectations. Never- 
theless, the production for 1953 was half as 
large again as tha: for 1945. The year’s output 
of pig iron showed an increase of 500,000 tons, 
the final total for 1953 amounting to 11,175,000 
tons. The drive for scrap for the steel furnaces 
has continued to yield such materials as tramway 
rails and -household and farm scrap, while 
latterly there has been a sharp increase in ship- 
breaking scrap. 

The prospects for the present year are con- 
sidered to be excellent, Two large new blast 
furnaces are to be blown in at the Appleby- 
Frodingham works, one in a few weeks’ time 
and the other later on in the year. Improve- 


ments and extensions are also being put in hand 
at the Scunthorpe and Ebbw Vale Iron Works of 
Richard Thomas and Baldwins Limited and addi- 
tions to steelmaking capacity and other extensions 
are being developed by the Consett Iron Com- 
pany, Limited, and Samuel Fox and Company, 
and at the Ebbw Vale and Bilston works and 
elsewhere. 
xk k * 


INDUSTRIAL FILMS 


Few media of instruction or persuasion are 
more direct and forceful than the cinema. Indus- 
try, in particular, can benefit from the distribu- 
tion of technical and training films; and, to 
perform this service, the Central Film Library 
of the Central Office of Information has made 
available a selection of them on productivity, 
public relations and scientific subjects. An illus- 
trated catalogue, entitled Films for Industry, 
listing these productions, which at present 
number 273 of both British and American 
origin, has recently been published and is 
described on page 100. 

An account is given on the same page of four 
films from the collection and a further industrial 
film made by Thos. Firth and John Brown, 
Limited. These illustrate the scope of the avail- 
able range of documentaries which cover such 
subjects as workshop and foundry practice, 
mining, building, woodworking, personnel prob- 
lems and many others. The success of a 
lecture depends on the lecturer, but the film is 
an unvarying source of information which 
always commands attention. Improved indus- 
trial methods can be broadcast by means of it 
and productivity thereby enhanced. 


x ke & 
MACHINE TOOLS 


The position of machine tools to industry 
as a whole is akin to that of a raw material, for 
it is not until the tools and the materials are 
brought together that the main function of indus- 
try, processing, can be begun. It is for this 
reason that the output of machine tools is a 
significant factor indicating future tendencies in 
industrial well-being. Following hard upon the 
decision in 1950 to re-arm, the demand for 
machine tools grew rapidly until the peak output 
was reached during the middle of 1953. Since 
then the demand has fallen sharply, leaving a 
machine-tool industry with a high potential 
output and searching for enlarged outlets for its 
products. 

Within the United Kingdom, the makers of 
machine tools are able to look to two factors to 
assist them in their problem of selling : first 
is the growing awareness in the country of the 
need for greater productivity, backed by the 
fuller exploitation of mechanisation, particularly 
mechanical handling, and secondly the low prices 
of British tools as compared to those prevailing 
on the Continent and in the United States. 
The importance of the latter factor is discussed 
in detail in the third of our articles on the 
engineering outlook, on page 103 of this issue. 

A summary of the United Kingdom exports 
of metal-working machine tools is contained in 
the two tables on page 105. The first of these 
shows how British exports are divided between 
the principal importing countries. For the last 
three years, Australia has been the largest 
single customer, although it would seem likely 
that it will be displaced from this position during 
1954 by Canada, to which exports have been 
steadily increasing during the past three years. 
The prospects for the future are summed up as 
follow : the industry is geared to a high output, 
with falling demand it can give prompt delivery, 
and it has the advantage over competitors of 
being able to sell at a lower price. 
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Letters to the Editor 


AN EXPLOSION SUPPRESS©<D 
Test in a Large Chamber 


Sir, We believe that readers of ENGINEERING will 
be interested in a test of the Graviner explosion. 
suppression system carried out in Sweden on 
December 1, in a chamber of approximately 
4,000 gallons capacity. 

The chamber measured 8 ft. 6 in. by 7 {t. 10 in, 
by 9 ft. 6 in., and was filled by a uniform stoicho- 
metric propane/air mixture. The mixture was 
then ignited in the centre of the room by a 
high-energy spark. The resultant explosion was 
suppressed, and the pressure recorded in the 
chamber was only 14 lb. per square inch. 

The test was sponsored by the Royal Swedish 
Air Board, who are interested in the protection 
of fuel-system test chambers, and was witnessed 
by representatives from the Swedish Explosive 
Protection Board, the Royal Swedish Fortifica- 
tions and Works Administrative Service, the 
S.A.A.B. Aircraft Company, representatives of 
the Swedish Labour Protection Board, Svenska 
Flygomotor Aktiebolaget, A.S.E.A., Dr. Hiller- 
brand (consultant on explosion protection to 
the Royal Swedish Air Board), and other repre- 
sentatives from Swedish industry. 

It will be recalled that an article was published 
on explosion suppression in the January 4, 1952, 
issue of ENGINEERING. Since then we have made 
considerable progress, not only in the use of 
the technique for the suppression of explosions 
but also for the venting of explosions and the 
rapid extinction of fires. 

Yours faithfully, 
H. R. MAIsey, 
Graviner Manufacturing Company, Limited, 
Gosport, Hampshire. 
January 13, 1954. 


THERMODYNAMICS APPLIED TO 
HEAT ENGINES 


Entropy and Available Heat 


Sir, Dr. Lewitt’s conception —or rather, mis- 
conception — of entropy (amplified in his letter 
to you on page 35 of your issue of January 8) 
as an arbitrarily defined and _ inconstant 
proportion of the available heat of a 
substance is surely one of the most misleading 
notions ever propounded to innocent students. 
Even if the latter do not see for themselves the 
fallacies your reviewer has pointed out in his 
argument, they might well ask why, if entropy 
has anything in common with available heat, 
designers should not endeavour to increase the 
entropy of steam by providing for as much 
friction, turbulence and heat conduction as 
possible in their engines and turbines. 
Entropy, of course, is the measure of the non- 
availability of heat for the production of work. 
Heat being interchangeable with other forms of 
energy must, like them, contain two factors, one 
having the nature of intensity and the other being 
of an extensive kind varying with the mass, 
length or volume of the system concerned. Now, 
in measuring the amount of useless heat in 4 
substance, one factor is evidently the temperature 
at which no more heat can spontaneously leave 
it—in other words, the lowest absolute temper 
ture to which it can be cooled under the circum 
stances. The other factor is the entropy per lb. 
of the substance. An increase of entropy 's 
therefore directly proportional to an increase % 
unavailable energy, and therein lies its importance. 
Yours faithfully, 
R. H. PARSONS: 
Upper Hazelhurst, 
Ticehurst, Sussex. 
January 11, 1954. 
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Obituary 


GENERAL GIUSEPPE ROTA 
Italy’s Premier Naval Architect 


Jtaly has produced some outstanding naval 
architects, but none more so than General 
Giuseppe Rota, of whose death on December 
24, 1953, at the age of 93, we have learned 
recently. He had been in failing health for some 
time and, when the honorary membership of the 
Institution of Naval Architects was conferred 
upon him in Rome, during the Institution’s 
Autumn Meeting in Italy in 1952, was then too 
feeble to receive the diploma in person. 

Giuseppe Rota was born in Naples on Novem- 
ber 18, 1860, and studied naval architecture at 
the Regia Scuola Navale Superiore, from which 
he graduated in 1882 with the diploma of naval 
architect and marine engineer. After a short 
period in the Orlando shipyard at Leghorn, to 
gain practical experience, he entered the Italian 
Royal Corps of Naval Constructors in 1883. 
Five years later, having then attained the rank 
of captain, he was appointed to the Royal 
Dockyard at Spezia, where he was placed in 
charge of the ship-model tank — one of the earliest 
to be established on the Continent. He con- 
tinued there until 1898, when he was transferred 
to the design department of the Italian Navy, at 
Rome. In 1904, he was appointed Director of 
the shipyard at Castellamare, where the cruisers 
Napoli, San Giorgio and San Marco were built 
under his supervision. 

In 1911, Rota — who had been promoted to the 
rank of colonel two years earlier — became 
Director of Construction and Repairs at Spezia, 
where he had charge of the building of the 
battleships Dante Alighieri, of some 20,000 tons, 
and Conte di Cavour and Andrea Doria, of 
22,500 tons—all vessels of notably advanced 
design for their time. He returned to Rome, 
however, while the Andrea Doria was still fitting 
out, to serve for the next six years on the Italian 
Navy’s committee on design. During this 
period he was promoted to the rank of general. 
In 1920 he was appointed Director-General of 
Naval Construction, and, shortly afterwards, 
vice-president of the Committee on Design. 
He was made Lieutenant-General in 1924 and 
retired in the following year. 

General Rota was one of the oldest members 
of the Institution of Naval Architects, to which 
he was elected in 1897, and contributed a number 
of papers to the Transactions. Among his many 
distinctions was that of being the first recipient — 
in 1900 — of the gold medal of the Italian Ministry 
of Marine for advances in the science of naval 
architecture. 


MR. JAMES FRENCH 


Co-ordination of British and American 
Shipbuilding Practice 

The death on January 12, in Stamford, Connecti- 
cut, U.S.A., of Mr. James French, severs a con- 
nection between British and American ship- 
building that was in many ways unusual, and 
Possibly unique; for, as the chief ship surveyor 
in North America for Lloyd’s Register of 
Shipping, Mr. French was probably responsible 
to a greater extent than any other man for the 
Close co-ordination that developed in the first 
World war, and has since been maintained and 
strengthened, in the shipbuilding practice of 
the United States, Canada and Britain. Mr. 
French, who was 87 years of age, had been 
living in retirement for a number of years — in 
fact, his s iccessor, Mr. William Bennett, B.Sc., 

retired a few months ago after nearly a 
quarter of a century of service in the same position, 
but he was still a familiar figure in New York 





shipping circles until comparatively recently. 

James French was born in Newcastle-upon- 
Tyne on September 24, 1867, and served his 
apprenticeship in the shipyard drawing-office of 
H. S. Edwards and Son, at Howdon. Concur- 
rently he studied naval architecture in the 
Science and Art School at Newcastle, where he 
acquitted himself with some distinction. After 
12 months as a draughtsman with Wigham 
Richardson and Company at Low Walker, he 
was appointed assistant shipyard manager to the 
Wallsend Slipway and Engineering Company, 
Wallsend-on-Tyne, where he remained for five 
years. At the close of 1894, he joined Lloyd’s 
Register as a ship surveyor on the Newcastle 
staff. Three years later, he was transferred to 
Greenock, where he spent 12 years. 

In January, 1910, Mr. French was sent to the 
United States, being appointed initially to 
Cleveland, Ohio. The appointment marked a 
radical change in the policy of the Society in that 
he was the first surveyor who was given authority 
to pass on the spot, without reference to the 
head office in London, plans for vessels intended 
to be built to the Society’s classification. This 
decision removed a long-standing grievance 
among American shipbuilders and led to a great 
increase in the number of vessels so classified. 
This in turn led to his promotion to principal 
surveyor and his transfer to New York, where 
he remained until the end of 1913. He was then 
made principal surveyor at Glasgow, but, at 
the request of the American shipbuilders, was 
sent back in 1916 to New York as chief surveyor 
for North America. There he remained during 
the rest of his service except for several extended 
visits to Japan, where he advised on the formation 
there of the Japanese classification bureau. He 
had previously been instrumental in the estab- 
lishment of the American Committee of Lloyd’s 
Register, on the basis of which similar committees 
were formed subsequently in other countries. 
His biggest task, however, came when the 
United States Government initiated their emer- 
gency shipbuilding programme in the first 
world war, in the course of which they con- 
structed 2,382 ships, totalling more than 9 million 
tons gross. A large proportion of these were 
built to the classification of Lloyd’s Register. 


MR. R. A. BLAKEBOROUGH 
Valve Manufacturer 


We also regret to record the death of Mr. 
R. A. Blakeborough, which occurred at Light- 
cliffe, Yorkshire, on Sunday, January 3, in his 
73rd year. 

At the time of his death Mr. Robert Arnold 
Blakeborough was chairman of the firm of 
J. Blakeborough and Sons, Limited, valve 
manufacturers of Brighouse, founded by his 
grandfather, and had completed 57 years of 
service with them. At the beginning of his 
career he acted as an outside representative and 
travelled widely in the United Kingdom, India, 
South Africa, Canada and the United States of 
America so that he was able to establish a number 
of valuable business and social connections. 
During the 1914-18 war, the firm came immedi- 
ately under Admiralty control and Mr. Blake- 
borough was responsible for organising and 
carrying out a programme for the production, 
not only of valves, but of other essential items of 
naval equipment. 

In 1921 he became managing director, and 
finally chairman, and was playing an active role 
in the conduct of the firm until within the last 
few months. He was also a director of a 


number of other engineering concerns and took 
a prominent part in setting up the British Valve 
Manufacturers Association, of which he was 
chairman for many years. 
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THE AMERICAN ENGINEER 


Report of Engineers’ Council 
for Professional Development 


To further the professional interests of engineers 
in the United States, the Engineers’ Council for 
Professional Development was formed in Octo- 
ber, 1932. In the preamble to its 2ist Annual 
Report, the Council is described as “‘ a conference 
organized to enhance the professional status of 
the engineer through the co-operative efforts of 

. national organizations, concerned with the 
professional, technical, educational and legis- 
lative phases of engineers’ lives.” These and 
various other aspects of its work during the 
year ended September 30, 1953, are discussed 
in the Council’s Report. The Council has 
also published a booklet on engineering as a 
career. 

Affiliated to the Council are seven of the 
senior engineering organisations of the United 
States and the Engineering Institute of Canada, 
but it has, furthermore, co-operated extensively 
with the professional engineering bodies of other 
nations. For example, the Council sent delegates 
to the Conference on Engineering Education held 
by the engineering societies of the United States 
and Western Europe in London during January 
last year, and many of its other activities are of 
international interest. 

The selection of candidates for the engineering 
profession and maintaining the standards of 
technical education are an important part of 
the Council’s work. For this purpose a number 
of supervisory committees have been formed 
and one, the Education Committee, includes 
among its functions the responsibility “ to formu- 
late criteria for colleges of engineering which will 
insure to their graduates a sound educational 
background for practicing the engineering pro- 
fession.” Its policy is to accredit curricula 
rather than institutions, since courses of different 
standards may be found at the same university. 

A “ guidance committee” is responsible for 
those stages in the development of future engi- 
neers which take place before the beginning of a 
formal technical education. Among its activi- 
ties are recruiting, and the stimulation of interest 
in engineering, by means of clubs and lectures. 
As a guide to parents and prospective engineers, 
a booklet, entitled Engineering—A Creative 
Profession, has been prepared by the committee. 
In it are fully described the nature and scope of 
engineering as a career and the qualifications 
necessary to enter any of its branches. 

In keeping abreast of industrial development 
in the modern world, not only the numbers, but 
the quality of trained engineers available must 
be considered. ‘“‘ Two second-rate engineers are 
not a substitute for the one first-rate man 
required.” In order to maintain the supply of 
first-rate engineers, the Council has set up a 
Student Development Committee to supervise 
the engineer’s progress before graduation and a 
Training Committee to guide the first five years 
of his professional life in industry. 

A technician is, in the words of Sir Richard 
Livingstone, “a man who understands every- 
thing about his job except its ultimate purpose.” 
An engineer goes deeper than this, and the 
report of the Recognition Committee of the 
Council discusses the qualifications defining a 
professional engineer. In the United Kingdom 
the accepted criterion is membership of one of 
the chartered engineering institutions; in certain 
European countries the title is a legal one, based 
on a given examination; but in the U.S.A.., regis- 
tration laws are the concern of separate States 
and a universally accepted condition is difficult 
to find. 
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ELECTRICAL ACCIDENTS 
A Steady Improvement 


The report for the year 1951 on electrical 
accidents in industry,* prepared by the Factory 
Department of the Ministry of Labour and 
National Service, contains a diagram showing the 
relation between total electrical accidents and 
the number of units of electricity sold to industry 
since the electrical inspectorate was established 
in 1900. The diagram is not quite complete as, 
apparently, no figures are available for the total 
units sold before 1920. The comparison made 
also necessarily suffers from the fact that infor- 
mation is lacking about the number of units 
produced by private generating plants, although 
the number of accidents they caused has been 
recorded. In spite of these disabilities, the 
diagram certainly gives a broadly accurate 
picture of the relation between the electrical 
power supplied to industry and the accidents to 
which it led. 

The diagram may be regarded with some 
satisfaction. Up till the beginning of the first 
world war, there was a fairly steady rise in the 
number of accidents, but, although figures are 
not available, it may certainly be taken that there 
was a corresponding, or greater, increase in the 
units consumed. From about 1914 to 1926, the 
accident curve was approximately horizontal, but 
when, from the latter date, the curve of con- 
sumption rose rapidly, the total number of 
accidents remained about the same until 1932. 
It is from this year onward that the record 
indicates the growing success of safety measures. 
The curves of accidents and consumption both 
rose steeply but gradually diverged and by 1950, 
although the total number of accidents was 
slightly less than in 1940, the energy consumption 
had more than doubled. The curve of accidents 
and electricity sold both show peaks during the 
second worid war, but this was to be expected 
and does not indicate any setback in the con- 
tinuing improvement. 

The record for 1951 is not greatly different 
from that of the previous few years but does 
indicate continuing progress. The total number 
of accidents was 715, as compared with an 
average of 766-2 for the previous five years, and 
the number of fatalities 34, compared with an 
average of 35-3. The total number of accidents 
included 152 cases of welding eye-flash. These 
are in a somewhat special category and, excluding 
them, of the remaining 563, 43-3 per cent. 
occurred to unskilled male workers, and 34-6 
per cent. to electricians, jointers and mates. 
The number of employees in each of these two 
classes was nearly the same, suggesting, that 
ignorance is an important factor. 


DANGER OF PORTABLE APPARATUS 


To the word ignorance perhaps oversight 
should be added, as no less than 50 per cent. of 
fatal accidents were associated with portable 
apparatus and, excluding eye-flash, 34-5 per cent. 
of the total. The inherent danger of portable 
apparatus is that, in general, it is actually 
handled by the worker so that if anything goes 
wrong an accident is more likely than in the 
case of fixed gear. The best wav of dealing 
with this matter is to supply portable tools at a 
reduced voltage, but this may not always be 
practicable on small or temporary jobs. Of the 
total of 715 accidents, 346 occurred with portable 
apparatus ; 152 were eye injuries during electric 
hand-welding. There were only 17 cases of 
shock or burns with this operation. 

Of the accidents with fixed plant, the largest 
number, 93, were with switchgear below 650 volts 


* Electrical Accidents and Their Causes, 1951. 
H.M. Stationery Office. (3s. net.) 


and the second largest number, 76, with cables. 
Many of these took place during repair or 
maintenance work and many must be attributed 
to forgetfulness, carelessness, oversight or 
ignorance. Although there is much more low- 
tension gear than high-tension gear, the fact 
that while there were seven fatalities with 
apparatus at above 5,000 volts, there were 21 
with that below 250 volts, suggests that more care 
is taken when working on high-tension plant 
and that the dangers of low-tension are apt to 
be ignored or underestimated. 


ARTIFICIAL RESPIRATION UP 
TO 10 HOURS 
A special feature of the annual report is the 
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space devoted to the subject of artificiai res. 
piration following electric shock. In ‘951, 
there were 20 successful cases and 22 unsucc« ssful, 
Of the former, half secured revival with» 19 
minutes but two took up to an hour, showi..g the 
value of perseverance. As in the unsuccessfyl 
cases efforts were relaxed within half an hour, it 
appears possible that more prolonged <(forts 
might in some cases have been rewarded. The 
report contains a critical discussion of the 
Schaefer, Eve, Holger Nielsen and “ Hips Lift ” 
methods of artificial respiration ; this should be 
widely studied. Professor Binet, of Paris Uni- 
versity, is quoted to the effect that maintenance 
of restorative methods for as long as 10 hours 
might in some cases lead to success. 


A LIBRARY OF INDUSTRIAL FILMS 
CATALOGUE PUBLISHED 


In his introduction to a programme of four 
films on industrial subjects from the Central Film 
Library, Mr. Henry Strauss, Parliamentary 
Secretary to the Board of Trade, said that the 
necessity for increasing productivity in Britain 
was a problem that must be solved largely by 
industry itself. The Government, however, were 
prepared to help in any way they could. One 
method was to establish a distributing library of 
productivity and technical training films, and a 
service of this kind was provided by the Central 
Office of Information. 

The principal object of the film programme, 
which was held on January 18 at the Board of 
Trade Cinema in Horse Guards-avenue, was 
to announce the publication of a catalogue of 
industrial films, entitled Films for Industry 
(1s. 6d., post free, from the Central Film Library, 
Government Building, Bromyard-avenue, Acton, 
W.3). The films, which are for use on 16-mm. 
sound projectors, may be hired at a basic rate 
of 5s. a reel (black and white and sound) for the 
first day. 

The catalogue is illustrated and provides 
synopses of 273 films, dealing with many aspects 
of industrial and engineering activity. It lists, 
for example, 93 documentaries on workshop 
practice and 22 on personnel and industrial 
relations. Building, optics, materials handling, 
plastics and industrial safety are other subjects 
covered. These films, which have been chosen 
by representatives from over 300 industrial, 
professional and research organisations, include 
196 acquired through the Foreign Operations 
Administration of the United States. 

During 1951 the United States Government 
offered those Western European countries that 
are members of the Organisation for European 
Economic Co-operation the use of selected 
American productivity and technical training 
films. Nearly 500 productions of this kind 
were made available. Consequently, selectors 
have so far concentrated on American films, 
but 55 British ones are also named in the cata- 
logue and, in future, attention will increasingly 
be given to those made in this country and in 
the Commonwealth. 

The British Productivity Council are under- 
taking the production of a number of new films 
with funds obtained under the Conditional Aid 
Scheme. Furthermore, the European Produc- 
tivity Agency of the O.E.E.C. is arranging for 
the exchange of information between Western 
European Countries on their industrial and 
technical films, and themselves propose to 
produce a limited number. 

The catalogue is divided into 29 sections 
under subject headings, so that the four films 


shown could not represent the whole range 
of those available. Nevertheless, the two 
American and two British films presented 
provided a clear indication of the library's 
scope. “Watch Your Step” was a dramatic, 
narrative film designed to give fair warning to 
the careless building worker. Mobile diagrams 
were the basis of “* Principles of Lubrication” 
and clear, detailed explanation characterised 
“* Cutting an External Acme Thread,” which was 
a film of interest to apprentices, machine-shop 
operatives and instructors. The last film, entitled 
“Introducing the New Worker,” dealt with a 
public relations subject and showed how the 
enthusiasm of a new factory employee may be 
damped by the indifferent welcome he received. 


x * * 


FILM ON 
FORGED-STEEL ROLLS 


The manufacture of forged-steel rolls of the 
fully-hardened type, which constitute an essential 
part of cold rolling-mill plants, is an operation 
needing special equipment and a highly-skilled 
technique. Some indication of the complexity 
of the processes employed is given in the course 
of a 16-mm. sound film produced by the photo- 
graphic section of the research laboratories of 
Thos. Firth and John Brown, Ltd., Atlas Works, 
Sheffield, 4, and shown recently, for the first 
time, at the London office of the firm, 1], 
Hamilton-place, Piccadilly, W.1. 

The sequence opens with a pictorial record 
of the melting of a special alloy steel in an electric- 
arc furnace. This is followed by the tapping of 
the furnace, the pouring of an ingot and its 
subsequent forging into a roll and the succes- 
sive annealing, machining and hardening opera- 
tion. The final machining, grinding, testing, 
packing and dispatch of the rolls are then shown. 
A second section of the film gives a review 
of the wide variety of applications of the rolls, 
and special reference is made to the continuous 
sheet mills now employed for the production 0 
coils of steel and non-ferrous metals. _ Finally 
the care and maintenance operations necessary 
to obtain the best results from the rolls in service 
is shown, and examples of the damage likely to 
result from accident or misuse are illustrated. 

The excellent technical commentary has been 
recorded in French as well as in English and the 
running time of the film is 35 minutes. It 8 
intended for use in Messrs. Firth Browns 
own organisation. P 

It is also proposed to show the film to 
universities, technical societies and similar bodies, 
and copies are available on loan, free © charge, 
through the firm’s sales promotion dep irtment. 
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IRON AND STEEL 
PRODUCTION IN 1953 


Record Outputs 


Statistics issued by the British Iron and Steel 
Federation, Steel House, Tothill-street, London, 
§.W.1, show that the United Kingdom produc- 
tion of steel ingots and castings in December, 
1953, was the highest ever recorded for that 
month and averaged 338,900 tons a week, as 
compared with 313,700 tons a week in Decem- 
ber, 1952. The output of steel for the year 
1953 was 17,609,000 tons, an increase of 
1,190,000 tons on the total for the 53 weeks of 
1952. On a comparable basis the increase on 
1952 was nearly 14 million tons. The detailed 
figures are given in Table I. 
TABLE I.—Production of Steel Ingots and Castings. 





























1952. 1953. 
Period. +. os | 
Weekly | Annual Weekly Annual 
Average. | Rate. Average. | Rate. 
| | 
Tons. | Tons. 
November 345,200 | 17,952,000 | 363,000 | 18,878,000 
December 313,700 | 16,314,000 ; 338,900 | 17,624,000 
Whole year. 16,418,000 17,609,000 
Weekly average 309,800 338,600 











The gratifying result for last year was made 
possible by the extra steelmaking capacity 
provided as further stages of the industry’s 
development programme were completed. As 
pointed out in the current issue of the Federa- 
tion’s Monthly Statistical Bulletin, the most 
notable increase in capacity has resulted from 
the completion of the Lackenby melting shop of 
Dorman, Long and Company, Limited, Middles- 
brough, and of the Shotton plant of John 
Summers and Sons, Limited. These have 
given the industry a gross additional capacity 
of over 1,000,000 tons a year, partly offset, 
however, by the closing down of some old plant. 
Additional steel melting furnaces have also 
been brought into production at a number of 
other works. 

The output of pig iron in December, 1953, 
averaged 225,400 tons a week, also a record for 
the month, compared with 206,300 tons a week 
in December, 1952. For the year 1953 the 
production was 11,175,000 tons, against 
10,728,000 tons in 1952. Detailed production 
figures are given in Table II. 

TABLE II.—Production of Pig Iron. 





1952. 1953. 











Period. 
Weekly Annual | Weekly | Annual 
Average. Rate. Average. | Rate. 
a ae 3 | 
: Tons. | Tons. 
November - 206,800 | 10,753,000 | 228,500 | 11,883,000 
December 206,300 | 10,728,000 | 225,400 | 11,723,000 
assaaicail 
Whole year 10,728,000 11,175,000 
202,400 214,900 


Weekly average 








_ Six new or rebuilt blast furnaces were blown 
in during 1952, and, early in 1953, the first of the 
new furnaces at Shotton, which the Federation 
Slate is the largest so far built in this country, 
tame into production. Moreover, develop- 
ments and extensions took place in other iron 
Works in this country. To maintain full produc- 
tion at the blast furnaces and also to satisfy 
the requirements of the steelworks for ore for 
oxidising purposes, imports of ore rose from 
96 million: tons in 1952 to 10-8 million tons in 
1953. Fur’ sermore, the consumption of the 
kaner hor» ores increased from 16-1 million 
fons in 19.2 to 16-6 million tons last year. 

consur ption of scrap at the steelworks 


Tose from ‘069,000 tons in 1952 to 9,705,000 
tons in 195°, 


NASH COLLECTION OF 
HISTORIC AIRCRAFT 


The Royal Aeronautical Society has purchased 
the Nash collection of historic aircraft, which 
comprises the following machines:—Bleriot XIA 
(1910), Bleriot XX VII (1911), Caudron G.3 (1912), 
Maurice Farman F.40 (1913), Avro 504 (1914), 
Sopwith Camel (1917), Fokker D.VII (1918), 
S.E.5a (1918). The President of the Royal 
Aeronautical Society, Sir William Farren, has 
stated that a further announcement would be 
made as soon as the Council of the Society had 
considered how best to deal with the future of 
these aircraft. 
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DR. W. F. DURAND’S 
WORK 


Citation of 
** Unusual Achievement ”’ 


At the joint celebration of the 50th anniversary 
of powered flight, held in New York on Decem- 
ber 1 by the American Society of Mechanical 
Engineers (A.S.M.E.), the Institute of the Aero- 
nautical Sciences and the Society of Automotive 
Engineers, a special citation of “* appreciation 
and recognition of unusual achievement” was 
presented to Dr. William Frederick Durand. In 
the words of the citation — “* Engineer, scientist, 
educator and public servant for a long and useful 
lifetime, his work for aviation has spanned 
almost forty years, from his appointment in 1915 
as the first Chairman of the National Advisory 
Committee on Aeronautics to the present day. 
We recognize in him leadership, devotion to his 
country and contributions to the science of 
aviation worthy of the highest standards of the 
profession of engineering.” 

Before the presentation, Dr. J. C. Hunsaker 
delivered an address, in which he referred to 
Dr. Durand as “ a young man of 95 whose youth 
was devoted to an earlier technical revolution, 
the transition from sail to steam, by which the 
broad oceans became highways of intercommuni- 
cation. Cadet-Engineer William F. Durand’s 
first sea duty after Annapolis was in a naval 
vessel equipped with both sail and steam. His 
first shore duty concerned the design of marine 
engines. His first research as a professor dealt 
with marine propellers. For thirteen years at 
Cornell and twenty years at Stanford, Dr. 
Durand raised teaching and research in the field 
of Mechanical Engineering to the highest 
standards of the profession. On his retirement 
in 1924 he was elected President of the A.S.M.E. 

“Dr. Durand ... was consultant to the 
Government for the great hydraulic works of the 
west, including the Hoover, Grand Coulee and 
Shasta dams, the Owens Valley water and power 
supply for Los Angeles and the Hetch Hetchy 
project for San Francisco. In 1936 he was chosen 
President of the World Power Conference and 
in 1941 he was called from his second retirement 
to supervise the engineering programme of the 
National Research Council. . . . 

“In 1915, President Wilson established the 
National Advisory Committee for Aeronautics 
with Dr. Durand as Chairman. He organised 
research on the scientific problems of flight with 
a view to their practical solution ; substantially 
along the lines continued to this day by the three 
great N.A.C.A. laboratories. He early under- 
took personally a fruitful investigation of the 
characteristics of aeroplane propellers by means 
of wind tunnel experiments. He served as a 
trustee of the Daniel Guggenheim Fund for the 
Promotion of Aeronautics which did so much to 
establish aeronautical engineering departments in 
American colleges.” 
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I.LMECH.E. YORKSHIRE 
BRANCH DINNER 


The annual dinner of the Yorkshire Branch of the 
Institution of Mechanical Engineers was held on 
Saturday, January 16, at the Hotel Metropole, 
Leeds, the chair being taken by Mr. C. L. Forbes, 
B.Sc., who had been elected chairman of the 
Branch at the annual general meeting which 
preceded the dinner, in succession to Mr. C. J. 
Minter, O.B.E. The principal guest was Sir 
Charles R. Morris, M.A., LL.D., Vice-Chancellor 
of the University of Leeds, who, in proposing the 
toast of ‘ The Institution,” observed that the 
English, as a nation, had a considerable gift for 
developing the professions, and owed much to 
them. A man had a happy life if he knew that 
he was carrying out a difficult task, and that it 
was appreciated. 

The great professional institutions did much to 
keep their members in that happy state of mind 
if they did, in fact, use their abilities to the full, 
and any weakening in them would impair the 
national life. The business of the engineer was 
to see that the advances in scientific knowledge 
did not go to waste. Pure scientists could only 
make their advances at a cost — that of becoming 
pure scientists, which made them “ relatively 
unsuitable to be Prime Ministers or even engi- 
neers.” 

Mr. A. Roebuck, President of the Institution, 
who replied, said that, while craftsmanship was 
one of the Institution’s interests, it was only one 
of many ; it was the proper balance of all the 
various aspects that was so important — and he 
was not forgetting that of developing a flair for 
business (to which Sir Charles Morris had 
referred incidentally). 

The concluding toast was that of ‘“ The 
Guests,” proposed by Professor W. A. Tuplin, 
D.Sc., chairman of the North-Eastern Section of 
the Automobile Division of the Institution, and 
was acknowledged by Mr. David Currie, 
M.I.C.E., M.I.Mun.E.t chairman of the York- 
shire Association of the Institution of Civil 
Engineers, who suggested, in the course of his 
remarks, that the time had come for a more 
earnest consideration of some form of amalgama- 
tion among the engineering institutions instead 
of the steady multiplication of new kinds of 
engineer. 
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PERSONAL 


Sir RICHARD SNEDDEN, C.B.E., general manager, 
Shipping Federation, has been awarded the honorary 
rank of Captain, R.N.R., by the Lords Commissioners 
of the Admiralty. 


Sir CLEMENT WAKEFIELD Jones is relinquishing his 
place on the board of the British Overseas Airways 
Corporation on March 31. Lorp RENNELL is to 
join the board in his stead. 


Mr. F. H. KEENLYSIDE has been appointed to 
succeed Mr. S. Barr as general manager of the 
Union Castle Mail Steamship Co., Ltd., 3, Fenchurch- 
street, London, E.C.3, on the latter’s retirement on 
February 26. 


Mr. W. E. P. JoHNson, A.F.C., A.F.R.Ae.S., 
C.P.A., who, as stated on page 5, ante, has relin- 
quished his position with Power Jets (Research and 
Development) Ltd., has been appointed to develop 
the European interests of the Solar Aircraft Co., 
San Diego, California, U.S.A. 


MAJsor-GENERAL R. F. BELCHEM, C.B., C.B.E., 
D.S.O., is to take on special duties as a member of 
the personal staff of Mr. Ivan Stedeford, chairman 
of Tube Investments Ltd., The Adelphi, London, 
W.C.2. 


Mr. J. J. CarGILt, B.Sc., chief electrical and 
mechanical engineer to the North of Scotland Hydro- 
Electric Board is retiring in May. His successor is 
his chief assistant, Mr. C. L. C. ALLAN, B.A. 

Mr. W. M. Furniss has retired from the chairman- 
ship and board of the Electric Construction Co. Ltd. 
Bushbury Engineering Works, Wolverhampton, at 
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the age of 83 after more than 50 years of service with 
the company. The new chairman is Mr. CHARLES 
Rep, D.S.0O., M.A., C.A. Mr. W. M. B. Furniss 
has been appointed managing director. 

Sir ANDREW CLow and Mr. G. Le B. DiAMonp, 
whose terms of office were due to expire on April 30, 
have been reappointed, by the Minister of Fuel and 
Power, chairmen of the Scottish Area and the West 
Midlands Gas Boards, respectively. 

Mr. H. O. SAMPSON has been appointed head of 
the technical operations television studios of the 
British Broadcasting Corporation. 

Mr. A. LLoyp, works manager, Tyseley Works, 
Bakelite Ltd., has been made general works manager. 
Mr. G. J. TayLor has been appointed manager, 
thermosetting division. 

Mr. B. A. RosINsON, M.I.E.E., M.I.Mech.E., 
district representative in the Newcastle-upon-Tyne 
area of the Cambridge Instrument Co., Ltd., 13, 
Grosvenor-place, London, S.W.1, has retired. His 
successor is his son, Mr. W. E. RoBINSON. 


Mr. R. A. Keymer, A.R.T.C., has been elected a 
director of Auto-Klean Strainers Ltd. 


Mr. H. Coomss has retired from the board of the 
Beldam Asbestos Co. Ltd., Lascar House, Hounslow, 
Middlesex, after 57 years of service. Mr. A. C. 
Bywater has been elected a director. 

Mr. W. G. THomas, M.Inst.F., has been elected a 
director of Radiovisor Parent Ltd., 1, Stanhope- 
street, London, N.W.1. 

Mr. F. B. MILs has retired from the position of 
Yorkshire representative of Hopkinsons Ltd., Hud- 
dersfield, his successor is Mr. P. K. WALKER. MR. 
J. BEAUMONT, the firm’s representative for North and 
West Lancashire has also retired. His successor is 
Mr. G. STEVENSON. 

Bruce Peebles & Co. Ltd., Edinburgh, 5, announce 
that Mr. G. HENDERSON, Assoc. H.-W. College, 
A.M.I1.E.E., formerly London manager, has been 
made general sales manager. Mr. N. L. Jones has 
been appointed London manager. 

Mr. F. D. LANGLEY has been made sales manager 
and Mr. W. L. Beckett, London area sales manager, 
the National Gas and Oil Engine Co. Ltd., with 
Offices at Duke’s Court, 32, Duke-street, London, 
S.W.1. Mr. J. A. BARKER has become commercial 
manager at the firm’s Wellington Works, Ashton- 
under-Lyne. 

Mr. L. Harrop has been appointed foundry sales 
manager, W. and T. Avery, Ltd., Soho Foundry, 
Birmingham, 40. 

Mr. P. TaTLow has been appointed sales manager 
(general engineering dept.), Air Control Installations 
Ltd., Ruislip, Middlesex. 

Mr. T. W. J. TEMPLE has been appointed manager, 
Middlesbrough office of the British Thomson-Houston 
a Rugby, in succession oo G. LLoyp 

ONES who is ly taking up another appointment 
with the firm. nt 

Mr. E. E. Baker, O.B.E., export sales director, 
has been elected to the board of Raleigh Industries 
Ltd., Nottingham. Mr. B. L.C. Dopswort, M.C., 
the company secretary, has been elected to the boards 
of all Raleigh subsidiary companies. 


xk * 


BUSINESS CHANGES 


TyrE Propucts Ltp. have moved to larger offices 
at 303, Harrow-road, Wembley, Middlesex. (Tele- 
phone: Wembley 9555.) 

Following the repeal of the Iron and Steel Act, 
1949, the Darwins Group, Tinsley, Sheffield, 9, 
have acquired the whole of the share capital of the 
SHEFFIELD FORGE AND ROLLING MILLs Co. LtD., 
Millsands, Sheffield, 3. 

THE HAWKER SIDDELEY Group have purchased 
two Welsh sheet-aluminium rolling-mill plants, the 
WERN Works, at Briton Ferry, and the Byass 
Works, at Port Talbot, both formerly owned by 
RICHARD THOMAS AND BaLpwins Ltp. They will 
be operated by Hicu Duty ALLoys Ltp., one of the 
Group’s subsidiary companies. 

CHAMBERLAIN INDUsTRIES LTD., Staffa Works, 
Leyton, London, E.10, have made an agreement with 
Wa ter P. Hirt, Inc., Detroit, Michigan, U.S.A., 
covering the manufacture, in England, of Hill 
machinery for the uction and testing of parts 
made from tube plate, and their sale outside the 
United States. 

THE KESTNER EVAPORATOR AND ENGINEERING Co. 
Lrp., 5, Grosvenor-gardens, London, S.W.1, have 
acquired the exclusive rights of the induction heating 
system of WiLD-BARFIELD ELECTRIC FURNACES LTD., 
Elecfurn Works, Watford By-Pass, Watford, Herts., 
for applications in the chemical and allied industries. 


Book Reviews 
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INTRODUCTION TO THE UNIVERSAL 
DECIMAL CLASSIFICATION 


Documentation. By S. C. BrRApForD, D.Sc., 
F.L.A., with an introduction by Dr. Jesse H. 
SHERA and Professor MARGARET E. EGAN. 
Second edition. Crosby Lockwood and Son, 
Limited, 39, Thurloe-street, London, S.W.7. 
(12s. 6d.) 


In our review of the first edition of this book, 
which appeared in vol. 168, page 525 (1949), we 
pointed out that although it was entitled 
** Documentation ” is was actually a treatise on 
the principles and practice of the Universal 
Decimal Classification, rival systems being 
ignored. This criticism still stands. Dr. Brad- 
ford died almost at the time of the first publica- 
tion of the book and it has been re-issued as he 
left it. This, however, does not in any way 
reflect on its value as an interesting and acute 
analysis of the problems presented to the 
scientific workers by the mass of books, papers 
and articles now published, nor on the value of 
his demonstration of the assistance which the 
Universal Decimal Classification is capable of 
rendering. During most of the years of Dr. 
Bradford’s long advocacy, the Classification was 
available only in French. This may well have 
hampered its adoption in Great Britain. The 
publication of an English edition by the British 
Standards Institution is no doubt introducing 
many new users. Those who are not familiar, 
with it, but contemplate its adoption, will find 
purchase of this book a useful first step. 

The long introduction is a useful addition to 
the book. The authors are respectively Dean 
of the School of Library Science, Western 
Reserve University, Cleveland, Ohio, and As- 
sistant Professor, Graduate Library School, 
Chicago University, Chicago. Their contribu- 
tion is concerned in the main with libraries and 
their services, a subject hardly touched on by 
Dr. Bradford. Their matter is, however, related 
to his proposals, it being pointed out that their 
full adoption would assist librarians to provide 
the type of service which modern conditions 
demand. 

The bibliography of Dr. Bradford’s writings 
on documentation which appears at the end of 
the book, and which is reprinted from The 
Journal of Documentation, is not quite complete. 
Two references are given to contributions to 
ENGINEERING, but in addition he contributed 
an article entitled ‘‘ The International Indexing 
of Scientific and Technical Papers”? which 
appeared in vol. 135, page 119 (1933). This is 
not recorded. 


The Chemical Industry. By Trevor ILLTYD 
Wittiams, M.A., B.Sc., D.Phil., F.R.I.C. 
Penguin Books, Harmondsworth, Middlesex. 
(2s.) 

Few, if any, other industries, or indeed few 
human activities of any kind are not dependent 
in some way on the chemical industry. Its 
products are so varied, ranging from such basic 
materials as sulphuric acid and the alkalis to the 
complicated compounds which are now supplied 
to the medical profession, that an understanding 
of the full range of its proceedings can only be 
expected in specialists. It would be useful, 
however, if the general public, or rather, the 
educated public, had a more instructed broad 
understanding of the nature of this all-embracing 
industry and ceased, for instance, to suppose 
that all plastics are the same thing. Dr. Williams 
has provided an admirable guide through the 
complicated story of beginnings in prehistoric 
times leading up through the industrial revolution 
to the present-day development of the range of 
materials and substances without which modern 
agriculture, textiles, medicine and many branches 
of the constructional and engineering industries 
could not exist. 


After an introductory chapter sketching the 
chemical achievements, if not the chemical 
understanding, of ancient Egypt, and the funda. 
mental theoretical work of the seventeenth 
century, Dr. Williams deals with the stages 
during the industrial revolution in which some 
chemical processes were applied on a manufac. 
turing scale. He follows with interesting accounts 
of the building-up of the great alkali and syl- 
phuric-acid industries and the commercial 
rivalries which have ultimately become reconciled 
in one branch of the activities of Imperial 
Chemical Industries. The revolutionary effect 
of the First World War on the British chemical 
industry is described in some detail and the 
account is carried to the remarkable modem 
developments in the field of organic chemistry, 
In reading the sections concerned with agricul- 
tural and medical products, dyes, pigments, 
explosives and plastics, the lay reader will meet 
many chemical terms with which he is not familiar, 
but when Dr. Williams wishes to refer to the 
nature and properties of, say, chloromycetin, 
an antibiotic, he naturally refers to it under 
the only name which it has. The question of 
terminology, however, need raise no difficulties 
for the educated reader. The purpose of the 
book, admirably attained, is to present a broad 
understandable account of a complicated but 
highly important subject. 


Table of Coefficients for the Numerical Calcula- 
tion of Laplace Transforms. By HeErsert E. 
SALZER. United States National Bureau of 
Standards Applied Mathematics Series No. 30. 
The Superintendent of Documents, U.S. Govern- 
ment Printing Office, Washington 25, D.C. 
U.S.A. (25 cents.) 


The Laplace transform L (f(t)) of a function f(t) 


is defined by L(f(t)) =F (p) = | e ™ f(t) dtand 
its importance in both pure and applied mathe- 
matics makes it desirable to have a convenient 
means of computing its value numerically from 
the given values of the function. The present 
table enables one to express F(p) for various 
values of p in terms of the values of f(t) where the 
argument ¢ has the equidistant integral values 
0,1,2...(2— 1). When f(2) can be treated 
as a polynomial of the (n — 1)th degree F(p) will 
be given approximately by the n-point formula 


n-t 
F(p) = > A; f(i) where A; is defined as the 
i=0 


Laplace transform of the coefficient of f(i) 
the n-point Lagrange polynomial approximation 
to f(t) based upon the points 0, 1, 2... (n—}). 
Convenient estimates of error in such an 
approximation are not readily obtainable but 
obviously the more closely f(t) may be representep 
by a polynomial approximation up to a certain 
point along the f-axis the more accurate will be 
the numerical values of the Laplace transform. 
The coefficients A; are given in Table I for the 
2-point through 11-point cases, the argument? 
being limited, in each case, to the largest value 0 
t at which f(t) is given. For the 2 through 
7-point cases the interval in p is 0-1, for the 
8-point and 9-point cases it is 0-2 and for the 
10-point and 11-point cases 1-0. Most of them 
are tabulated to 8 or 9 significant figures WI 
an error of around a unit in the last plac. 
Computations involving values of p outside this 
range are facilitated by Table II giving 


n! 
7 (=L@) 


for n=O0(1) 10, p=0-1 (-1) 10 to 8 sign 
ficant figures. Preceding these teDles 
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two schedules, the first giving explicit ex- 
ressions Of the n-point Lagrange polynomail 





coefficients m = 2(1) 11 for the points 
1=0,1...@—Di iad 
j= 0,1! (n ) in the form cw L (t), 


and the second giving the Laplace transforms of 
these coefficients in the form 
on 1 cn) 
Aj= A; (p) = @—1)!p B; (p), 

where 2,” (p) is a polynomial with integral 
coefficients. Among the applications of 
this table are the evaluation of definite 
integrals that can be written as Laplace trans- 
forms, the numerical checking of complicated 
expressions for such transforms and, where 
fit) is too complicated for L (f()) to figure in the 
dictionaries of Laplace transforms, the calcula- 
tion of numerical values of F (p) affording an 
approximation to F(p). Four worked examples 
provide illustrations of these applications and of 
the order of accuracy they are capable of 
yielding. 

xk k * 


TRADE PUBLICATIONS 


Resistance Strain Gauges. An illustrated booklet 
dealing with the theory and practice of electrical 
resistance strain gauges has been published by the 
instrument section of Philips Electrical, Ltd., 
Century House, Shaftesbury-avenue, London, 
W.C.2. A detailed description is given of methods 
of fixing and protecting the gauges, and of the 
arrangements to be adopted for temperature com- 
pensation. The various instruments made by the 
company for use with the gauges, and the numerous 
applications of such apparatus in industry, are 
dealt with in detail. 


Toroidal Potentiometers. Full details of the wire- 
wound potentiometers manufactured by them for 
el.ctrical and electronic purposes are given in a 
well-il'strated booklet received from P. X. Fox, 
Ltd., Hawksworth-road, Horsforth, Yorkshire. 


Oil-Fired Space Heaters. The Dravo Corporation, 
1203, Dravo Building, Pittsburgh 22, Pa., U.S.A., 
have sent us an illustrated leaflet describing how 
their oil-fired space heaters were used to heat a 
machine shop, so effecting a great saving in floor 
space when compared with a steam-boiler/radiator 
system. 

Grabs for Cranes. R. H. Neal & Co., Ltd., Plant 
House, Ealing, London, W.5, have issued an 
illustrated leaflet giving details of the standard 
sizes and models of Priestman grabs which they 
tecommend for use with their mobile cranes. 

Hand Engraving—A pamphlet on the new 
types of Vibro-tool they are manufacturing has 
been received from Burgess Products Co., Ltd., 
Brookfield-road,; Hinckley, Leicestershire. They 
are designed for hand engraving purposes in the 
tool room, inspection department, stores and other 
places in a factory. 

Mobile Radio in Industry. Where rapid communi- 
cation is required up to a few miles, a V.H.F. mobile 
radio set offers a convenient means. The full scope of 
its usefulness is given in a booklet published by 
the Radio Communication & Electronic Engineer- 
ing Association, 11, Green-street, Mayfair, London, 
W.1. A list of manufacturers of equipment is 
included. 

Production, Manufacture and Application of Alumi- 
nium. {in order to celebrate the 25th anniversary 
of the incorporation, in Canada, of Aluminium 
Ltd., Montreal, a well-written and _ illustrated 
Publication, entitled Aluminium Panorama, has 
been issued by the firm. The book deals with the 
interests and achievements of some 40,000 persons 
in 20 countries who are associated with the com- 
Pany. The mining and transport of the bauxite 
ore; the extraction of the metal; the rolling, 
forging, casting and extrusion of aluminium and 
Its alloys; typical light-metal structures, and 
Tesearch and development activities, are described 
i a most attractive manner. Statistics relating 
to production, prices and properties are included. 

Meniniam Alloys and Fluxes for Brazing. Imperial 
pemical Industries Ltd., Imperial Chemical 

Ouse, Millbank, London, S.W.1, have sent us a 
let issued by their Metals Division, devoted to 





Kynal aluminium alloys and fluxes for brazing. 
= Co\\ains tabulated and other data on the 
80s ons and properties of the firm’s Kynal 
elon for brazing, the melting points and 


mee ns of their brazing fluxes and the various 
pacar P ind techniques of carrying out brazing 
ns, 


BOOKS RECEIVED 


The Mechanism of Economic Systems. By Pro- 
FESSOR ARNOLD TusTIN. William Heinemann, 
pa 99, Great Russell-street, London, W.C.1. 

Ss. 

Radio Receiver Design. By Dr. K. R. STURLEY. 
Part I. Radio Frequency Amplification and 
Detection. Second revised edition. Chapman and 
Hall, Limited, 37, Essex-street, London, W.C.2. 
56s. net.] 


Select Methods of Metallurgical Analysis. By Dr. 
WILLIAM ARCHIBALD NAIsH, JOHN EDWARD 
CLENNELL and Victor S. KINGSwoop. Second 


revised edition. Chapman and Hall, Limited, 
37, Essex-street, London, W.C.2. [75s. net.] 
Applied Elasticity. By Proressor CHI-TEH WANG. 
McGraw-Hill Book Company, Incorporated, 330, 
West 42nd-street, New York 36, U.S.A. [8 dols.] ; 
and McGraw-Hill Publishing Company, Limited, 
95, Farringdon-street, London, E.C.4. [57s. 6d.] 


A Manual of Engineering Drawing. By PROFESSORS 
THomMas E. FRENCH and CHARLES J. VIERCK. 
Eighth edition. McGraw-Hill Book Company, 
Incorporated, 330, West 42nd-street, New York 36, 
U.S.A. [5S dols.]; and McGraw-Hill Publishing 
Company, Limited, 95, Farringdon-street, London, 
E.C.4. 6d.] 

Axialkompressoren und Radialkompressoren. By 
Dr.-ING. B. ECKERT. Springer-Verlag, Reich- 
pietschufer 20, Berlin W. 35. [73-50 D.M.] 

Bessel Functions and Formulz. Compiled by W. G. 
BICKLEY. Cambridge University Press, Bentley 
a" 200, Euston-road, London, N.W.1. [3s. 6d. 
net. 

University of Illinois Engineering Experiment Station 
Bulletin. No. 415. Investigation of the Pressure 
Losses of Takeoffs for Extended-Plenum Type Air 
Conditioning Duck Systems. By PROFESSOR SEICHI 
Konzo and others. [50 cents.] No. 416. Studies 
of Slab and Beam Highway Bridges, Part V. Tests 
of Continuous Right I-Beam Bridges. By PROFESSORS 
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CHESTER P. Siess and IvAN M. Vest. [80 cents.] 
No. 417. | Least-Weight Proportions of Bridge 
Trusses. By JosePpH P. WALING. 
No. 418. Effect of Polyphase Motors on the 
Voltage Regulation of Circuits Supplying Three- 
Phase Welder Loads. By PROFESSOR MAX A. 
FAUCETT, MARVIN FISHER, JR., and PROFESSOR 
M. STANLEY HELM. [40 cents.] No. 418. The 
Corrosion of Copper Tube used in Soil-Stack 
Installations. By Proressor H. E. Bassitt, E. R. 
BAUMANN, and ProressoR H. N. HAYWARD. 
[75 cents.] University of Illinois Engineering 
Experiment Station, Urbana, Illinois, U.S.A. 


Protection of Subgrades and Granular Bases by Surface 


Dressing. Road Note No. 17. 


H.M. Stationery 
Office; Kingsway, London, W.C.2. 


[9d. net.] 


A Review of Productivity in the Furniture Industry. 


The British Productivity Council, 21, Tothill-street, 
London, S.W.1. 


The British Electrical and Allied Industries Research 


Association. Technical Report No. A/T 130. 
The Detection of Very Small Amounts of Iron in 
Electrolytic Copper. By P. Armes. [3s.] No. 
G/T282. Intrinsically Safe Electrical Apparatus : 
Relation of Igniting Current to Circuit Inductance 
for Inflammable Mixtures of Calor Gas (Butane) 
and of Cyclohexene with Air. By Dr. E. M. 
GUENAULT, E. ATHERTON and F. SHaw. [6s.] 
No. J/T 152. A Review of Work Carried Out at 
the National Physical Laboratory on the Creep and 
Corrosion Resistance of Steels for Steam Power 
Plant 1930 to 1951. By A. M. Sace. [18s.] 
No. J/T 155. The Influence of Aluminium and of 
Various Heat Treatments on the Properties of Low 
Carbon Steel Superheater Tubes. By D. C. HER- 
BERT and E. A. JENKINSON. [10s.] No. M/T 123. 
Radio Interference from Motor Vehicles. Com- 
parison of British and German Measuring Equip- 
ment. By A. H. BALL and S. F. Pearce [10s. 6d.] 
No. V/T 110. Corrosion of Buried Copper and 
Ferrous Strip in Natural and Salted Soils. [10s. 6d.] 
Offices of the Association, Dorking-road, Leather- 
head, Surrey. 


RE-ARMAMENT REDUCED 


EFFECT ON MACHINE-TOOL 
INDUSTRY 


HE machine-tool industry has been accustomed to large variations in demand for 
its products, and the expansion in output required in 1951 to meet the needs of 


re-armament (Fig. 1 overleaf) was achieved without apparent difficulty. 


In the first 


quarter of 1953, machine tools were being turned out at a rate 50 per cent. greater 
than that achieved in 1950. The subsequent sharp reduction in output, illustrated 
in Fig. 2, marks the completion of all but a tiny fraction of the defence orders. Further 
contraction to a level of output not much higher than that of 1950 might seem to 
be in the natural course of events, and, in some ways, might be advantageous to the 
industry. High output has necessitated extensive sub-contracting, the elimination 
of which greatly simplifies administration without making any significant difference 


to profits. More manageable order books, 
moreover, will enable British makers to quote 
prompter deliveries and thus improve their 
chances of getting business against stiffening 
competition in foreign markets. Nevertheless, 
although some reduction in the scale of activity 
might be accepted with equanimity, a fall 
back to the 1950 level would be against the 
best interests both of the nation and the 
industry. 

Some of the increase in output since 1950 
has been the result of an expansion in the export 
trade, and the Government purposely lightened 
the burden of defence orders to be borne by 
British makers in order that they should be 
free to develop export markets. In 1954, when 
the success of British economic policy depends 
upon an increase in exports of engineering 
products, exports of machine tools should 
continue to expand. 

The approach in increasing output for export 
differs somewhat from that in increasing output 


for defence. In the latter case, the emphasis is 
on the rapidity of the exceptional expansion 
required for a limited period; it can best be 
achieved by bringing in sub-contractors according 
to a pre-arranged plan; it does not involve a 
permanent addition to the capacity of the 
machine-tool industry. In the former case, 
machine tools have to be produced at competitive 
prices for what, it is hoped, will be a permanent 
market; it may involve heavy investment in 
fixed capital which will have to be written off if 
the venture fails. 

The world demand for machine tools has fallen, 
following the curtailment of re-armament pro- 
grammes, and may fall farther, with growing 
fears of a decline in economic activity. British 
machine tools will continue to sell well abroad 
only if they have special advantages over those 
of their competitors, or if the British sales effort 
is superior. It will-be laudable, therefore, even 
to maintain exports in 1954; to increase’them, 
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now that the volume of orders on hand is sub- 
stantially less than a year ago, would be a 
magnificent achievement. 

Despite the emphasis on exports, the home 
market is still the major concern of the machine- 
tool makers, accounting for two-thirds of the 
total output. It could be argued that the 
industry would serve the national interest best 
by concentrating entirely on supplying the home 
market with the machine tools so urgently needed 
for raising productivity. It is ironic, therefore, 
that, while industries which are unable to main- 
tain their export quotas can find a ready market 
at home for less essential goods, the machine-tool 
industry is finding it difficult to obtain orders, 
though the need for machine tools at home is 
urgent. Easier credit conditions and the restora- 
tion of initial allowances have done little to 
stimulate orders, and machine-tool users in 
1954 are likely to be cautious about making 
purchases, at least while fears of a trade decline, 
recently heightened by official pronouncements 
in the United States, persist. These are the 
difficulties which the machine-tool makers have 
to face in the current year. 


The decision to re-arm in 1951 was made 
urgently, and it was essential that the large 
number of machine-tools required before work 
could even begin should be obtained without 
delay. With commendable alacrity, the Ministry 
of Supply drew up a programme and placed 
orders at home and abroad for about 35,000 
machines. The United States Government, in 
the same situation, with rather less foresight, 
ordered piecemeal, and, as a result, their re- 
armament programme was held up through 
inability to obtain the tools. The Ministry of 
Supply ordered about 18,500 machine tools 
from abroad, costing £104 millions. Deliveries 
of these are now almost complete. British 
imports of machine tools in eleven months of 
1953 amounted to £44-8 millions, nearly four 
times as much as in 1951, but £9-1 millions 
less than in 1952. Of the machine tools ordered 
abroad, about 8,000 were of types not made 
or made only in small quantities in the United 
Kingdom. The remainder could have been 
made in the United Kingdom, if it had been 
decided to earmark capacity for them; but this 
would have meant a severe cut in British machine- 
tool exports, and the loss of good will to foreign 
competitors would have made a subsequent 
expansion of export sales difficult. 


LOW COST OF BRITISH TOOLS 


The decision not to interfere with exports, 
however, has also had disadvantages. In a 
memorandum to the Select Committee on 
Estimates, the Ministry of Supply shows that the 
machine tools purchased abroad cost £15 millions 
more than would have had to be paid if they 
had been bought at home. During the peak 
period of re-armament buying, the Continental 
manufacturers raised their prices considerably. 
Italian machine tools, on the average, were 57 per 
cent. more than corresponding British types, 
French 25 per cent. more, and Belgian and 
German 17 per cent. more. American prices 
have always been considerably higher than the 
British, and were 145 per cent. higher. Thus 
the machine tools, to the value of £11 millions, 
obtained in the United States, could have been 
obtained for £4 millions in the United Kingdom; 
and the tools costing £23 millions bought from 
European makers, would have cost only £15 
millions at home. 

It is possible, too, that British orders may have 
encouraged European manufacturers to expand 
and that, a as result, Competition in world 


the expansion in British exports achieved since 
1951 was possible only because of the exceptional 
demand arising from world re-armament. If 
it should prove impossible to consolidate the 
gains, all the careful planning of the Government 
will have been nothing more than a costly 
gamble. The industry is confident, however, 
that the introduction of British machine tools 
into markets where they were hitherto largely 
unknown will eventually lead to a cumulative 
increase in sales. They do not, of course, 
discount the possibility of some drop in the 
immediate future; many of their gains have 
been made in the North American markets, 
where, in a period of temporarily reduced 
demand, they will have to meet increased 
competition from United States manufacturers. 

British exports of machine tools in eleven 
months of 1953 reached £21-4 millions (see 
Table 1, taken from the Trade and Navigation 
Accounts, and Fig. 3): this is £6-1 millions 
more than in eleven months in 1950. Over this 
period, exports to Canada and the United States 
increased by £3-8 millions. In 1950, exports 
to the United States were negligible; in 1952, 
they were about £2 millions. The success was, 
of course, partly due to the inability of producers 
of ordinary civilian goods to obtain machine 
tools from makers in the United States. Under 
a Government order, effective from February 1, 
1952, this was forbidden, and the entire 
output of the machine-tool industry was reserved 
for defence and defence-supporting industries. 
This was rescinded in 1953 and British exports 
fell, though not by as much as many people 
feared. 


AMERICAN MAKERS’ FEARS 


In the eleven months to November, 1953, 
they were valued at £1-5 millions, compared 
with £1-9 millions in the corresponding period 
of 1952 —a fall of 21 per cent.; the fall in the 
volume of exports was slightly larger. During 
the period when it was easy to sell in the United 
States market, the conduct of some Continental 
manufacturers in raising the prices for inferior 
products damaged the reputation of foreign 
machine tools. Although British manufacturers 
were careful to maintain quality in an effort to 
build up goodwill, their efforts were not always 
known to many United States users, who do 
not distinguish British from other European 
machine tools. 

The United States makers of machine tools 
were sufficiently alarmed at the progress made 
by British exports to consider the use of political 
pressure to increase tariffs. Their representa- 
tions to the United States Government were not 
entertained very seriously, however, when it 
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was pointed out that, even if the British r aching. 
tool makers exported the whole of their output 
to the United States, they would still mee. only q 
minute fraction of the demand in that . ountry, 
Even when imports of foreign machii2 tools 
from all sources were at their peak i 1952, 
they amounted to only 50 million dols., whereas 
the output in the United States was well ip 
excess of 1,000 million dols. This is, o: course, 
a considerable advance on the 1950 figures, 
when the imports of foreign machine tools did 
not exceed 1 million dols. 

United States machine-tool makers are stil] 
not wholly reassured over foreign, and, in 
particular, British competition. Officers of the 
National Machine Tool Builders Association 
warned their members, at the annual meeting 
in 1953, that they were in for a period of stiff 
competition, and that, with rapidly declining 
order books, they would have to do their utmost 
to hunt down orders. Importers handling 
British machine tools are under no illusions 
about the extent to which these may be able to 
secure a permanent footing in the United States, 
but they are reasonably confident about the 
future. The President of the American Associa- 
tion of Machinery Importers, for instance, has 
declared that European (including British) 
machine-tool makers can still make plenty of 
sales ‘‘ if they scratch.” 

The British sales effort in 1953 was intensified 
in many ways, the most spectacular of which 
was probably the touring exhibition arranged by 
the International Machinery Division of the 
British Industries Corporation, a United States 
concern who act for 27 British machine-tool 
makers. A railway coach in which 14 British 
machine tools, valued at 100,000 dols., were 
displayed, began a tour of the United States in 
April. 

British exports to Canada have continued to 
increase, both in volume and value; in eleven 
months of 1953, they reached £3-2 millions, 
which was £460,000 more than in the corte- 
sponding period of 1952. There has been some 
contraction lately in the flow of orders, and 
it may not be easy to maintain exports in 1954, 
but considerable goodwill has been gained and 
this should greatly facilitate further expansion 
when the demand improves once more. It 
should also assist sales in the United States, 
since the high reputation of British machine 
tools may be expected to spread over the border. 
The British machine-tool industry now exhibits 
regularly at the Canadian International Trades 
Fairs and the display at Toronto in 1953 greatly 
aided the sales campaign. Continental European 
machine-tool makers also exhibited ; the Germans 
made a particularly ambitious sales effort and 
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markets may be all the more intense in future. 
It still remains to be seen, moreover, whether 
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sent over a large number of machines. Orders 
were disappointing, however, and German efforts 
to disp se of a large number of unsold tools at 
cut prices is helping at present to depress sales 
in the Canadian market. A Canadian customer 
has the distinction of having bought the largest 
machine tool ever built in Britain. This was a 
vertical boring and turning mill weighing 650 tons, 
which cost £180,000 and took 24 years to design 
and build. It was delivered in September by 
Craven Brothers (Manchester), Limited, to 
John English and Company, of Toronto, makers 
of heavy electrical plant, and was described in 
our issue of January 8. 


COMMONWEALTH MARKETS 


Exports to other Dominions in general were 
rather lower in 1953 than in 1952. Australia is 
still the largest single market, although now 
closely rivalled by Canada. The value of 
exports to Australia increased slightly in 1953, 
but the volume was slightly less. During the 
year there was a steady improvement in Austra- 
lian economic conditions and it is disappointing, 
therefore, that there was no increase in imports of 
machine tools. The Australian Government 
are hopeful, however, that economic conditions 
will improve in 1954 and this may mean larger 
purchases of tools. On the other hand, financial 
difficulties in the past few years have brought 
home to the Australians the dangers of develop- 
ing manufacturing industries, particularly new 
engineering industries, regardless of the cost. 
There is still, of course, considerable scope 
for the increased employment of machine tools, 
but the rapidly rising trend of exports in the 
post-war years cannot be expected to continue. 

In some other Commonwealth countries 
persistent economic difficulties make increases 
in imports of British machine tools improbable. 
Exports to South Africa have declined both in 
volume and in value in 1953. South Africa is 
now in serious difficulties with its balance of 
payments, and warning has been given that the 
licensing of imports may be more stringent in 
1954. Nevertheless, it has been thought desirable 
to abolish discriminatory controls on imports 
from the dollar area, so that British manufac- 
turers are likely to face increased competition 
fora smaller volume of business. As in Australia, 
investment in secondary manufacturing industries 
has been excessive in the past few years, and has 
helped greatly to cause the inflation which the 
Government are now finding it difficult to control. 
Measures to restrict unsound investment include 
a decree that public trade enterprises shall 
finance their expansion schemes where possible 
only out of profits; as a result, the demand for 
machine tools is likely to be low in 1954. 

The economic situation in India has not been 
very healthy in the past few years, and the 
course of exports has always been, and will 
continue to be, problematical; but, so far as 
recurrent difficulties with the balance of payments 
permit the Indians to go ahead with their five- 
year plan of industrial development, imports of 
machine tools may be expected to increase. 
In 1953 British exports to India increased, in 
fact, by nearly 60 per cent. in value. The 
Indian Government recently requested that a 


technical edviser on machine tools from the 
United Kir sdom should visit India to investigate 
the scope {or the more effective use of machine 
tools in tie Indian engineering industry. A 
request ha also been made that experts on 
foundries ad textile machinery should visit 
India to 1 ike similar investigations. 

The mac ne-tool industry may well have felt 
hesitant ab: .t giving free technical advice which 
might have clped the development of the local 
machine-toc. industry. It has been decided, 
however, to enda representative, on the ground 


TABLE I.—United Kingdom Exports of Metal-working Machine 
Tools by Countries (January to November). 

















Quantities 
(1,000 Cwt.). Value (£1,000). 
| 951. | 1952. | 1953. | 1951. | 1952. | 1953. 

ae | H ¥ a | cae Z 
Union of South | | } 
ett ..| 76 | 97 | 88 | 1,364 | i 1,990 
ritis ast 

Africa | a 7 130| 201 | 160 
India... °.| 79 | 61 | 90 | 1,340 | 1,147 | 1,822 
Pakistan ee | iS | 15 | 332) 342) 297 
Australia } 162 | 141 | 2,234 | 3,457 | 3,585 
New Zealand ..| 14 19 | 18 | 332] 442) 437 
Canada --| 85 | 105 | 121 | 1,777 | 2,690 | 3,150 
ther Common-} | 

wealth coun- | | | 

tries and | | | 

Irish Re- | | | | 
public ..| 35 | 46 | 50 727 | 1,009 | 1,200 
Soviet Union ..| 83 | 105 19 | 856 | 1,183 | 207 
Sweden --| 27 | 23 | 18 | 713 707 | 513 
Bema, | 9 | S| S| tee) el ie 
nmark sd a | | | 
Poland | 4! 8 | 6 | 194 136 | 130 
Netherlands ..| 22 | 18 14 | 492 457 | 441 
Belgium | a) a 19 | 408 305 | 597 
France | 27 | 29 34 659 | 814 | 1,105 
Switzerland | § i 209 225 | 245 
Spain... ..| 8 | 5 | 12 155 185 | 427 
Italy | 22 | 41 | 29 521| 955 | 846 
an 14 6 | 6 | wm 121 124 
eae) | 3) Bs] al 
razi 33 9 | 
Argentine Re. | | | | 
of blic e | «a 4 | 155 109 | 105 
ther oreign { | 
countries = 4 | $4 | 70 | 1,609 | 1,557 | 2,060 

| 839 | 945 16,621 | 21,014 | 21,398 





TABLE II.—United Kingdom Exports of Metal-working Machine 
Tools by Types Gommery to November) 
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(1,000 Cwt.). Value (£1,000). 
a Bet y bee 
} 
| 1951. E 1952. | 1953 | 1951. | 1952. | 1953. 
— . ee | SS a 
New complete | 
Boring | @ | | 3 |). @ 850 | 1,102 
Drilling | 80 | 93 | 87 | 1,275 | 1,763 | 1,806 
amas | 60 | 72 | 65 | 1,474 | 2,078 | 2,054 
athes | | 
ae | 39 | 47 46 } 1,382 | 1,676 | 1,961 
apstan 
and turret! 60 | 59 | 55 | 1,628 | 1,976 | 1,948 
Other 00 | 117 106 2,105 | 2,826 | 2,704 
Screwing and | } 
threading..| 13 13 12 495 581 562 
Milling and | | 
gear cut- | 
ting --| 48 | 44 | 60 | 1,301 1,475 | 2,105 
Planing, —_ | | 
ing an | 
P slotting ..| 54 | 58 | 48 | 873 | 1,078 956 
resses : 
Hydraulic | 63 49 | 38 | 730 708 583 
thers ..; 88 125 64 1,076 | 1,549 982 
Punching and | 
shearing ..| 61 | 57 46 814 790 648 
Sawing «| @ | # 8 171 | 195 164 
Others z 61 | #79 80 | 1,131 1,650 | 1,855 
= 3s | 43 | 28 | 425 | 528 | 356 
tools 
Parts .. ell ae 43 65 | 1,088 1,281 1,612 
839 | 946 846 ie 16,621 hare | 21,398 








that, if the British machine-tool industry refused 
to co-operate, German or other foreign machine- 
tool makers almost certainly would do so. They 
would naturally advise the installation of their 
own equipment, and British machine-tool makers 
would inevitably lose business. 

Commonwealth countries are accounting for a 
steadily-increasing proportion of British imports 
of machine tools. In 1951, they took about 
45 per cent. of British exports; in 1952, this 
proportion had increased to 52 per cent., and 
in 1953 to 56 per cent. In view of the increasing 
competition in non-Commonwealth markets, this 
trend is likely to continue. It might be reversed, 
of course, if it were possible to sell more machine 
tools to the Soviet Union or to China. Exports 
to these countries have been restricted during the 
past few years for tactical reasons. A list of 
prohibited categories agreed by the member 
countries of the Organisation for European 
Economic Co-operation has been revised recently, 
however, and now defines more exactly the types 
of machine tools which may be regarded as 
harmful war potential. Although it thus contains 
a larger number of separate items, it will probably 
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allow many types of machine tools, formerly 
excluded under general headings, to be exported 
to the Soviet Union. 

The Russian machine-tool industry has in- 
creased rapidly during and since the war, and, 
as a result, the Soviet Union is now self-sufficient 
in most of the staple types. Imports.now consist 
mainly of the more specialised complex machines, 
but, since these are the most expensive, the 
value of the potential market for machine tools 
in the Soviet Union is still likely to be very high. 
There is, as yet, no indication of a relaxation of 
the control on exports of machine tools to 
China, where the potential market is probably 
very great. Rumours of heavy exports of pro- 
hibitive machine tools by European makers to 
China and other Communist countries have been 
largely discounted. They have generally been 
attributed to the Communist Governments, who, 
by circulating similar rumours about sales of 
British machine tools, have obviously been 
hoping to obtain tools by playing off the various 
European countries against each other. 


CONTINENTAL COMPETITORS 


Competition in European and South American 
markets is already keen, and will intensify as 
the German, French and Italian makers, many 
of whom have already had to cut their output, 
face growing difficulties in keeping their capacity 
employed. Output in many Western European 
countries has expanded more rapidly since the 
war than in the United Kingdom, and new 
industries have developed in some of the smaller 
countries, in which neither the local market nor 
indigenous resources justify the production of 
machine tools. Some of the new capacity is 
highly efficient, as witness that of some German 
firms, whose factories have been rebuilt and 
re-equipped with modern plant, largely supplied 
under Marshall aid. There has not been, 
however, any reduction in the large number 
of older and uneconomically small units, parti- 
cilarly in France and Italy. 

The need for some degree of rationalisation 
was one of the reasons for the formation of 
the European Committee for Co-operation in 
Machine Tool Industries, but in practice it is 
doubtful if any agreement for the elimination 
of capacity would ever be acceptable to all, or 
even most, of the participants. The British 
machine-tool industry is not a member, and can 
certainly not be expected to cut capacity when 
the excess is due largely to Continental expansion. 
Fears have been expressed that the European 
Committee might operate as a cartel, but this 
seems unlikely ; falling orders are more likely 
to result in cut-throat competition. The Com- 
mittee, of course, continue to secure the co-opera- 
tion of their members in many useful ways; 
one of these is in arranging exhibitions. British 
machine-tool makers, whose own exhibition at 
Olympia in 1952 clashed with that held under 
the auspices of the European Committee in 
Hanover, have now come to an understanding 
with the Committee, whose bi-annual exhibitions 
are to be arranged so that they will not occur in 
the same year as a machine-tool show at Olympia. 

Many Continental makers have already 
reduced their prices considerably, but this often 
represents merely a return to normal profit 
margins, following the collapse of the buyers’ 
market. Comparisons are difficult, but British 
and Continental prices now appear to be fairly 
uniform. There remains, of course, the danger — 
that heightened competition will cause Conti- 
nental makers to cut their prices. As with 
other types of engineering equipment, the 
Germans have been sustaining sales by granting 
long credits to customers, though probably not 
to such an extent as has been generally rumoured. 
According to Mr. Melvin Stone, president of 
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Volume of United Kingdom exports of machine 
tools (in units of 1,000 cwt., January to November 
each year). 


Machine Filiates Incorporated, which has a 
membership of 20 machine-tool makers, they 
have made considerable gains in Latin America 
at the expense of United States makers. Mr. 
Stone claimed that, although the United States 
makers offered high quality, the Europeans were 
gaining ground through lower prices, easier 
financial terms and speedier delivery. 

The danger from Japanese competition has 
generally been dismissed as slight. The total 
machine-tool building capacity in Japan is 
estimated to be only about one-sixth of the 
British, and it has not been possible, so far, 
to achieve capacity working. Exports have 
hitherto been confined to Eastern countries, 
although some Japanese machine tools have 
been imported into Australia. A representative 
of one of the British makers, who recently 
visited Japan, has been sufficiently impressed 
with what he saw, however, to state that the 
potential threat from that country must not be 
under-estimated. 

As may be seen from Table II, increased 
competition and declining markets have affected 
nearly all the categories of British machine tools 
exported. Presses, and punching and shearing 
machines have suffered most, but exports of 
planing and shaping machines, sawing machines, 
grinding machines, and screwing and threading 
machines have also fallen, both in volume 
and value. In general, demand has been best 
sustained for the more complex types of machines; 
which, though a rise in prices was also partly 
responsible, helps to explain why the value of 
exports of some types of machine tools was 
higher in 1953 than in 1952, despite a consider- 
able fall in the number, and sometimes also a 
drop in the weight of machines exported. This 
is true of drilling machines and automatic 
lathes, and in many other categories the fall in 
volume has been much more severe than the fall 
in value. The fall in the volume of exports 
is illustrated above. Vertical borers are still 
strongly in demand and exports have continued 
to increase. Exports of milling machines have 
also been increasing, but this is understood to 
be very largely due to the efforts of one concern, 
who have a machine of original design for which 
the market potentialities have still not been fully 
exploited. 


FEWER HOME MARKET ORDERS 


Home demand has closely followed the pattern 
of export. Standard types of machine-tools 
susceptible to bulk production methods are 
becoming hard to sell, but more specialised 
machines are still on extended delivery. For 
the first three quarters of 1953, home deliveries, 
at £34 millions, were £5-6 millions higher than 


in the first three quarters of 1952; but most of 
the defence orders, for about 17,000 machines, 
have now been delivered, and production for 
the home market in the third quarter of 1953 
was nearly one-quarter less than in the first 
quarter. Some of this movement was seasonal, 
of course, and in September the machine-tool 
makers still had on hand some arrears of civilian 
orders arising from the rush to place orders 
when the re-armament programme was first 
announced. These arrears, however, have been 
much less than seemed likely at one time, since 
the machine-tool industry succeeded in main- 
taining deliveries fairly well concurrently with 
meeting defence requirements. 

Orders from many branches of general engi- 
neering in the past few months have been dis- 
appointing, despite the fact that some re-equip- 
ment for new products will be necessary as 
defence contracts run out. It may be possible, 
of course, for some firms to use machine tools 
rented from the Ministry of Supply for re-arma- 
ment, but the Government have not made 
arrangements as yet for selling such equipment. 
A few machine tools which the Ministry acquired, 
but which have since become surplus as a result 
of armament cuts, have been offered for tender, 
and anxiety has been expressed in the trade 
about the risk that such sales may depress the 
market. Ministry disposals, however, are not 
likely to be large. 

Since the war, the demand from the home 
market has averaged less than 30,000 machine 
tools a year, which seems grossly inadequate 
even to maintain in existence a national stock 
of about 900,000 units. It represents a replace- 
ment rate of only once in 30 years, which, 
considering the rapidity with which technological 
development renders equipment obsolescent, 
must have a harmful effect on British produc- 
tivity. Figures of this sort can be misleading, 
however, since they do not take account of a 
change in the structure of the engineering 
industries. Amalgamations and the increased 
size of the manufacturing unit have caused a 
shift from standard to specialised tools, or at 
least to semi-standard types with special jigs 
and fixtures designed for volume production by 
relatively unskilled operators. A few of the 
larger and more complex types can often replace 
a large number of small standard types. 

The trend has long been evident in the motor- 
vehicle industry, the largest customer for 


January 22, 1954 ENGINEERING 


machine tools, but for whose continu’ 1g high 
demand home order-books would +e Very 
depressed at present. It raises importe it prob. 
lems for the machine-tool industry. C xe com. 
pany chairman, Mr. W. P. Eastwoo:, in his 
statement for the annual general mceting of 
George Swift and Sons (Holdings), Limited, 
explained in September how the company, 
after the war, were faced with the 2 ternative 
of maintaining a “‘ rationalised ’’ production of a 
large number of small machines which were 
still in great demand and might have shown 
considerable profits. They preferred, however, 
to take a longer view and to offer a wide range, 
including ‘“‘ specials.” This policy has beep 
entirely justified, for “‘ in the smaller field there 
is a definite slowing up of demand, but in the 
heavier field there appears to be a definite demand 
that will last for some time.” 


RATIONALISATION NOT ACCEPTED 


This is in contrast to the findings of the 
Productivity Team on Metalworking Machine 
Tools, who recommended “ standardised unit” 
construction for the bulk of machine tools, 
** aiming at volume production of industry-wide 
common units to manufacture low-priced simple 
machines.” Bulk production of a very limited 
range might be feasible in the United States, 
where the size of the market might make it 
possible to sell large quantities of even the most 
specialised machines, but, as the Team point 
out, there are as few signs of rationalisation in 
the American as in the British machine-tool 
industry. If, as present experience is underlining, 
the market for ‘“ low-priced simple machines” 
ts declining, “‘ rationalisation,” however desir- 
able, would seem to be hardly a practical policy 
in the United Kingdom. The subject is, however, 
exceedingly complex and it must not be inferred 
that there is no scope for simplification and 
standardisation in machine-tool making. The 
recommendations of the Team on these and 
related matters have not found general acceptance 
in the industry; the findings of a committee 
set up to examine the Productivity Report will 
be awaited with interest. 

To sum up on prospects, the machine-tool 
industry in 1954 will have to do some hard 
selling in difficult markets at home and abroad 
to maintain output. They have, however, never 
been in a better position to give prompt delivery 
of high-quality machine tools at low prices. 


HIGH-TEMPERATURE HIGH-VACUUM 
FURNACE 


SIMPLE DESIGN FOR HEAT TREATMENT 
UP TO 2,200 DEG. C. 


By H. W. Davidson, B.sc. and T. H. Burwood* 


There is an ever-increasing demand for electric 
furnaces operating at temperatures unattainable 
by conventional models in which refractory 
supports are used for the platinum or molyb- 
denum windings ; that is for temperatures above 
1,800 deg. C. The sintering of carbides and 
other refractories, the specialised heat treatment 
of titanium, zirconium, tantalum, and_ the 
precious metals are some of the applications for 
such a furnace. Several models have been 
recently described !,,3,* but there are still insuffi- 
cient data to enable an efficient system of radia- 
tion shields to be designed. These are essential 


* Research Laboratories of General 
Company, Limited, Wembley. 


Electric 


to avoid the loss of radiant energy and thus to 
reach high temperatures economically. The 
equipment described in this article represents a0 
attempt to design a simple and efficient furnace 
in which a good vacuum can be maintained 9 
that the charge will not be corroded at tempera 
tures up to 2,200 deg. C. 


HEATING ELEMENT MATERIAL 


It is difficult to find suitable refractories which 
will provide adequate mechanical support 4 
the necessary thermal and electrica! insulation 
at temperatures over 1,800 deg. C. Fortunately, 
the heat loss at such temperatures ‘akes plac 
mainly by radiation, and power economy @! 





QOS BSBSBZBwWT BTS E BSE Beate ae aks 


-ING 


ig high 
every 
t prob- 
ie com- 

in his 
ting of 
Amited, 
mpany, 
srnative 
ion of a 
h were 

shown 
Owever, 
> range, 
Ss been 
ld there 
t in the 
demand 


TED 


of the 
Machine 
d unit” 
e tools, 
try-wide 
d simple 
limited 
| States, 
make it 
the most 
m point 
sation in 
nine-tool 
lerlining, 
ichines ” 
er desir- 
al policy 
however, 
inferred 
‘ion and 
ng. The 
rese and 
ceptance 
ymmittee 
port will 


hine-tool 
me hard 
d abroad 
rer, never 
t delivery 
“ices. 


ENG:NEERING January 22, 1954 


be achieved by using a suitable system of radia- 
tion shields. It is therefore advisable to abandon 
refractory insulators and supports and to rely 
on a robust, self-supporting heating element. 
The energy radiated from this heater must then 
be largely returned to the charge by metal 
reflectors of low emissivity. Tungsten, molyb- 
denum or graphite are the materials most 
readily available for the construction of this 

of heater. Molybdenum has a rather low 
melting point (2,625 deg. C.), but is attractive 
since it does not liberate gases. On the other 
hand, it is relatively expensive, not very easy to 
fabricate and may deteriorate owing to the 
presence of impurities evolved during operation. 
Moreover, its high temperature coefficient of 
resistance makes demands on the electrical 
control gear, which can be avoided by the use of 
gaphite. Similar arguments apply to tungsten. 
Graphite is therefore likely to remain the choice 
for heating elements which must be robust and 
expendable. 


PROPERTIES OF GRAPHITE 


An attempt has therefore been made to design 
a graphite heating element which exploits the 
possibilities inherent in this material. Relying 
on its low thermal expansion and excellent 
resistance to thermal shock, it is advantageous 
{0 permit a very large temperature gradient 
at the ends of the heater. Slow “ gassing ”’ from 
cold graphite is thus minimised. The heating 
element of this furnace is constructed from a 
graphite tube which is slotted to obtain the 
requisite length of electrical path. Tube was 
chosen because graphite is readily available in 
this form and requires little effort in the final 
machining. 

The wall thickness of the tube is consider- 
able, namely, 9 mm., and provision is made 
for the current to enter and leave at the same end. 
This assists in achieving uniformity of tempera- 
ture and makes for a neater assembly. It has 
been found possible to avoid the use of graphite 
nuts and bolts and conducting cement. More- 
over, the disposition of the slots is such that the 
contents of the furnace may readily be observed 
from three directions, besides providing a 
black-body space suitable for brightness measure- 
ments. The actual disposition of the slots, 
which is shown in Fig. 1, was arrived at empiric- 
ally so as to provide a uniform temperature in 
the working space. Water is used to cool the 





Fig, 2 Ge ‘ral 
radiation shi 


view of furnace§!showing 
1s for reflecting and re-distributing 
the heat. 


main casing of the furnace, the vacuum seals, 
the electrode blocks, and glass observation 
windows. 


CONSTRUCTIONAL DETAILS 


The graphite furnace tube, which is 69 mm- 
outside and 50-8 mm. inside diameter, iS 
machined true. The operation is not, however, 
laborious and no mandrel is necessary. Slots 
which are shown diagrammatically in Fig. 1, 
and can be seen in Fig. 3, are hand-made with 
a saw and file. Although such a heater is 
easily constructed, the electrical path so obtained 
results in local concentrations of current; and 
this is another reason for adequate radiation 
shields which retiect and redistribute the heat 
radiated from the surface. In this way the 
necessary uniformity of temperature within the 
working space is achieved in spite of the non- 
uniform current distribution. The radiation 
shields are made from 0-5 mm. thick molyb- 
denum sheets and 0-2 mm. tantalum sheets. 
The general assembly is shown in Fig. 2 and 
in Figs. 4 and 5. Care is necessary in spacing 
the shields to avoid heat conduction from shield 
to shield. 

The furnace is mounted on a brass bed plate 
which is shown at a in Fig. 4. This bedplate is 
provided with a 2-in. pumping port, four open- 
ings for the electrical leads, b, two openings for 
the supply of cooling water, and a 1-in. port for 
the vacuum gauges. The vacuum seals consist 
of standard square section rubber rings, as shown 
at c, which also provide electrical insulation 
where necessary. The copper electrodes d are pro- 
vided with a circular groove e which is machined 
to a depth of ? in., and into which the ends of the 
graphite element make a sliding fit. The 
flanged brass nuts f secure the silver-plated 
saddle strip g, the electrode block d, the pyro- 
phyllite insulating spacer h, and the Tufnol washer 
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Fig. 1 Graphite tube heating element slotted 
to obtain requisite electrical path. 


i, by tightening up on the shoulder j of the current 
lead b. This arrangement allows the electrode 
blocks to be easily located. 

Current is fed in through the two paralleled 
leads 6 which make contact with the block d 
by way of the flanged nuts fand the saddle strip g. 
Cooling water is piped (at about 4 litres per 
minute) through the seals k and the flexible 
corrugated tubing / to the electrode blocks d. 
These blocks are provided with channels and 
guiding vanes so that water circulates within 
4 in. of the graphite heater in slot e. Electrical 
insulation is provided by a glass connection m 
which is joined to the flexible tubing with glass- 
to-metal seals. 

The furnace case, m in Fig. 4, is made from 
12-in. diameter seamless mild-steel tube. Copper 
tube with a bore of } in. is wound round the 


Fig. 3. Disposition of slots in graphite tube. 
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Figs. 4 and 5 Constructional details of furnace, 


illustrating cooling water circuit, vacuum seals, 
insulating material and electrical connections. 








casing in a tight coil o ; water flows up the coil 
at about 4 litres per minute. 

Water also circulates through an annular 
cooling trough p which is welded to the bottom 
of the case and prevents the main ring seal q 
from overheating. The case is also provided 
with water-cooled cells, one of which is shown 
at r and is made of 3-mm. thick optical quality 
Pyrex windows. These allow specimens in the 
furnace chamber to be observed. A glass tube s 
is sealed to the top of the furnace and contains 
a Mu-metal stack t. The specimens are suspended 
from this stack which can be raised, lowered and 
turned by a magnetic field. Some manipulation 
of the specimens in the furnace chamber is thus 
possible. 


POWER SUPPLY 
The power supply to a 16-to-1 oil-cooled 
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single-phase step-down transformer is controlled 
by three ganged 5-kVA Variac transformers 
which are connected in parallel. Some 15 kVA 
is thus available at a maximum voltage of 15 
volts and a current of 1,000 amperes. A 1S50 
** Speedivac’”’ rotary pump is used to back an 
03B “‘ Metrovac”’ oil diffusion pump which in 
turn is connected to the port u in Fig. 5 through 
a 2-in. bore copper tube which conforms to 
British Standard Specification 659 (1944). No 
condensing trap is necessary in this line. Pressure 
is measured on McLeod and Pirani gauges which 
are protected by a glass liquid-air trap, and are 
connected to the 1-in. port v in Fig. 5 in the 
bedplate. 

Before assembly, the graphite heating element 
was pretreated to remove traces of volatile 
matter originating from the tar and pitch used in 
the manufacture. The element is_ therefore 
heated to 2,500 deg. C. in a stream of pure argon. 
A simple graphite tube furnace of the Gartland 
type‘ was used for this purpose. 


PERFORMANCE RESULTS 


An examination of the current and voltage 
waveform of the furnace in a cathode-ray 
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Fig. 6 Curves showing operation with different arrangements of molybdenum and tantalum 


radiation 


shields. 
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oscilloscope has shown that the power f.: stor jg 
over 0-9. The power consumption coul< there. 
fore be calculated from voltage and ~urren 
measurements and the results of several experi. 
ments are shown in Fig. 6, in which cu ve q jg 
the input with five molybdenum and c ¢ tap. 
talum shield ; curve b is the power abso: bed by 
the cooling water in the electrodes, and curve ¢ 
the radiated loss with the same arrange ient of 
shields in each case. The radiated Ic:s with 
four molybdenum shields is shown in curve ¢ 
and with five molybdenum shields in curve ¢. 
From these curves it is clear that little is to be 
gained by attempting to increase the eificiency 
of the shielding system by adding more shields, 
However, some gain is possible by replacing 
molybdenum by tantalum. 

The temperatures were measured with a dis- 
appearing filament-type pyrometer ; and control 
experiments with a standard tungsten-strip 
filament lamp showed that the observed tem- 
peratures must be corrected by about 30 deg. C. 
in the 1,600 deg. C. to 2,100 deg. C. range. This 
is consistent with a light absorption of 8 per cent, 
(at a wavelength of 0-665) in the water-cooled 
cell r in Fig. 4. 

The temperature distribution of specimens 
suspended in the furnace chamber has been 
examined and no lack of uniformity has been 
found at temperature above 1,600 deg. C. 

As a result of some six months’ operation it is 
the authors’ experience that the vacuum system 
is adequate. Thus it is possible to maintain a 
vacuum of 10-4 mm. mercury with the charge 
at 2,000 deg. C. When the charge is cold it is 
found that air leaks in at the rate of 5 x 10+ 
micron-litres per second. This is probably as 
good as can be expected in view of the 12 rubber 
seals that are present. 

It has also been found that the heater is 
readily altered to suit changing needs, that the 
molybdenum shields retain their brightness and 
shape, that the windows do not blacken unless 
there are excessive leaks, that the neoprene seals 
can withstand considerable overheating, and 
that the life of the heater has so far only been 
limited by accidents. On the other hand, trouble 
has been experienced with the tantalum shields, 
which are liable to distortion. 

The upper working temperature for this furnace 
is limited by the sublimation rate of graphite 
which at 2,250 deg. C. amounts to some 
1 x 10-7 gm. per square centimetre per second.’ 
It would be possible, in principle, to substitute 
tungsten for graphite when a comparable rate of 
sublimation would be reached at about 2,750 
deg. C. It would not be practicable, however, to 
use a tungsten heater of the present design. 
On the other hand, it would be possible to use 
graphite tube furnaces for temperatures up 10 
3,000 deg. C. if an inert atmosphere were 
employed. In the authors’ experience, nitrogen 
is not satisfactory and pure (99-8 per cent.) argon 
is a suitable alternative. At still higher tem- 
peratures tantalum carbide is one of the few 
materials which will not evaporate. _ It is possible 
to conceive a furnace which would depend on the 
electrical conductivity of this material at very 
high temperatures, but there is no evidence that 
this has yet been attempted. 
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4¢0-KV PEAK IMPULSE GENERATOR 
GENERAL PURPOSE MODEL FOR LABORATORY WORK 
liy A, Aked, B.sc., and A. S. Husbands, B.SC. (ENG.), A.M.I.E.E.* 


A smail impulse generator was required with 
minimum delay for laboratory use at the Royal 
Technical College, Glasgow. It was therefore 
decided to construct a model in the laboratory 
workshop, at a modest financial outlay and using 
the standard capacitor units which were readily 
available. The equipment has now been opera- 
ting satisfactorily for 12 months, and the 
following description may therefore be of interest 
to others who are contemplating the construction 
of such an impulse generator for general purposes. 
A general description of impulse generators has 
been given elsewhere. 


GENERAL CONSIDERATIONS 


The generator was required primarily for 
flash-over tests; and it was anticipated that 
large capacitance loads (e.g., samples of cables) 
would not have to be dealt with. Accordingly, 
a maximum capacitance load of 1,200 picofarads 
was chosen arbitrarily, a figure which would 
include the effects of a capacitance potential 
divider and a measuring sphere gap, in addition 
to the capacitance of the test object. British 
Standard Specification No. 923 (1940) lays down 
that the discharge capacitance of the generator 
should be at least five times the load capacitance, 
so that the generator capacitance had to be at 
least 6,000 picofarads when all the stages were 
in series. (A larger capacitance would have 
reduced the influence of different loads on the 
output wave shape and provided better general 
convenience in operation, but the cost and bulk 
would have been correspondingly increased.) 

A 1/50-microsecond output wave of 400-kV 
peak (nominal) was considered adequate for the 
proposed generator. In fact, 200 kV would have 
been sufficient for many applications. The latter 
consideration suggested that the generator should 
be so constructed that it could be divided into 
two self-contained parts for independent opera- 
tion. This was effected as described later, and 
has increased the versatility by permitting 
simultaneous testing to be carried out at the 
lower voltages. 

In deciding the number of stages and charging 
voltage to use it had to be remembered that a 
large number of stages and a correspondingly low 
charging voltage would mean a multiplicity of 
stage components. More important, too, serious 
trouble might arise in obtaining consistent 
operation owing to the variations inherent in the 
firing of the very small spark-gaps. On the 
other hand, a generator with a few stages, while 
avoiding these disadvantages, would incorporate 
direct-current rectifier components, the bulk and 
cost of which would be relatively excessive. 
Moreover, the generator and its auxiliaries would 
not have been so readily portable. The appro- 
priate compromise was, however, practically 
determined by the rating of capacitor units which 
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ig. 1 Generator circuit. 


were available at the time. Thus it was found 
that units of 10 kV direct-current working and of 
appropriate capacitance range provided the 
required discharge capacitance. As 10 kV was 
considered to be too low a charging voltage, two 
capacitor units were connected in series for each 
stage, thus raising the value to 20 kV, the potential 
division between condensers being controllable 
without undue additional complication. Previous 
experience had shown that if a number of capa- 
citors were connected in series for each stage, it 
was essential to control the distribution of 
charging voltage between them. It was not, 
however, considered worth-while to incorporate 
the necessary resistance strings for a charging 
voltage of, say, 50 kV per stage using five series 
capacitors each rated at 10 kV. 

These considerations led to a generator of 20 
stages, making a total of 40 10-kV 0-25-micro- 
farad capacitors of the metal-cased ‘ non- 
inductive’ type and capable of withstanding 
repeated rapid discharges. The output capa- 
citance thus conformed to the required minimum 
of 6,000 picofarads. 


CIRCUIT ARRANGEMENTS 


The Marx circuit was used, but was modified 
slightly in order to obtain the potential control 
on the split stage capacitors, and to give a first- 
stage spark-gap having one side earthed. The 
latter is preferred by the authors since it is more 
convenient when using a triggered gap in the 
first stage.2 The circuit is shown in Fig. 1. 
The metal cases of the two capacitor units of 
each stage were joined together and to the centre 
connection of the two units. This point was then 
maintained at a potential of half the charging 
voltage by the resistors R, during the charging 
period. The 1,000-ohm resistances R,, R:, and 
the 10,000-ohm resistance R,, effectively in 
parallel, provide a discharge or tail resistance for 
the generator, and their values were apportioned 
to give a nominal 50-microsecond wave tail. 
Shorter wave tails could be obtained by con- 
necting further resistances in parallel with these, 
either between stages or externally to the 
assembly. Longer wave tails were not con- 
templated, but could be obtained by using higher 
values for R, and R,. The resistances R, were 
made relatively large. By makingeither R, or R, 
roughly one order greater than the other it would 
be possible also to incorporate series resistors 
inside the generator, without an undue loss of 
Output voltage due to a potential divider effect 
with the tail resistors.1 In the present case, 
however, the output voltages were insufficient to 
make the series resistance unduly bulky, if 
placed entirely external to the generator, while 
the suppression of some internal generator 
oscillations was not considered sufficiently 
important to warrant the added complication of 
internal series resistances. Accordingly, these 
were omitted. 

The voltage-doubler charging circuit shown in 
Fig. 1 was chosen since it required no components 
other than the transformer and the rectifiers. 
The transformer was rated at 12 kV root mean 
square with a current of 5 milliamperes and both 
the high-voltage winding terminals were insulated 
for the rated voltage. Selenium rectifiers rated 
for a mean current of 5 milliamperes were used. 


CONSTRUCTIONAL DETAILS 


The stage capacitors were assembled as a 
two-tier ladder in a framework of Bakelised paper 
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tubes which was completed by tubes for mounting 
the spark-gaps and built-in resistors, as shown in 
Fig. 2. A sloping arrangement was employed to 
make the assembly compact and to allow 
adequate clearances between the different parts 
and to earth. The spark-gaps were all arranged 
in the one vertical plane and in view of each 
other, so that full advantage could be taken of 
the illumination between them to ensure rapid 
successive flash-over of all gaps. 

The spark-gaps consisted of 4 in. diameter 
spherical brass electrodes, which were carried on 
two Bakelised paper tubes running the length of 
each tier. The gaps were adjusted by turning 
one of these tubes. The adjustment drive of 
each set of spark-gaps was connected through 
a universal coupling to a horizontal shaft at 
one end of each tier. Levers were attached to 
each shaft and were linked together and to the 
driving mechanism by insulating tubes. The 
whole linkage was carefully constructed to give 
equal movement to all the movable spheres 
without backlash. The initial settings were 
then made by screwing the spheres along their 
supporting shanks. 

The four vertical columns of the generator 
assembly were joined so that the top half could 
be removed, after disconnecting the mechanical 
and electrical links between the two tiers. The 
two parts were identical, except for the ends 
supporting the gap. drive, and could be used 
separately. 

The spacings between the stage capacitors 
and between the tiers were chosen after brief 
sample flashover tests between appropriate 
units, a very liberal safety allowance being made. 
Thus, a flash-over distance of 14 in. was allowed 
in air for 20 kV, and this was doubled for a 
surface distance. For the output voltage a 
clearance of 10 kV peak per inch was allowed. 
It was also thought advisable to maintain a 
liberal spacing between adjacent stages in order 
to reduce the stray capacitance between them. 
This latter factor, together with the stray capacit- 
ance to earth, controls the initial over-voltages 
which appear across the spark-gaps during 
flash-over.! In the present instance the effective 
interstage capacitance was fairly large because 
of the metal cases of the capacitors, a point which 
is dealt with further below. 

The resistances R, and R, in Fig. 1 are made 
of woven-wire strips. They are attached to each 





Fig. 2 General view of two-tier ladder generator 
showing Bakelised-paper tubular framework and 
spark gaps. 
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tube by taping and connected to each sphere 
shank on the same tube. The higher value 
resistors R, are of carbon composition. 


AUXILIARY EQUIPMENT 


Sphere-gap adjustment was effected by remote 
control. Two magslips were used for this 
purpose, one as the driving motor operating 
through a worm drive and screw and nut mechan- 
ism connected to the sphere operating links. 
The other, which was at the control point, 
was turned by hand and geared to a gap-setting 
indicator. The sensitivity was such that the 
gaps could be set within 0-001 in. of a pre- 
determined setting, and the complete range of 
normal settings was covered by about ten turns 
of the control knob. The gap indicator was 
calibrated in terms of the flash-over voltage for 
the particular setting. To overcome the possi- 
bility of accidental derangement of the indicator 
due to thoughtless knob-turning when the supply 
was off, provision was made for a third Magslip 
indicator, but at present this extra complication 
has been omitted. It is appreciated that other 
and possibly better methods of gap control and 
setting indication might have been used, but the 
equipment described was readily available. The 
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(c) 
Fig. 3 (a) (b) (c) Oscillograms of output wave 
shape under different operating conditions. 


authors consider an accurate gap-setting indi- 
cator to be a necessary adjunct to efficient 
operation of the impulse generator. 

The charging voltage of the generator is con- 
trolled by a Variac transformer, and measured 
by means of a 40-megohm resistance voltmeter. 
This resistance was made from high stability 
l-watt type carbon resistors, immersed in oil 
in a bakelite container, and is used in conjuncton 
with a moving-coil meter. The overall accuracy 
was about + 1 per cent. 

The first gap of the generator was of the 
triggered-type and was operated by a pulse of 
about 5 kV, with a delay network inserted in the 
lead to the trigger-gap. An oscillograph was 
also triggered from the same pulse but without 
the delay. The essentials of this circuit have 
already been described.? 

It is intended to use an electrically-operated 
earthing switch to earth the charging supply. 
It is also intended to centralise all the controls of 
the generator and its auxiliaries with indications 
of charging voltage and gap setting on a single 
panel, which will be coupled to the circuits by a 
flexible conduit. 

The auxiliary components of the charging 
voltage supply and gap operation, etc., are 
housed in containers near the generator. Some 
may be mounted on the baseplate of the generator 
assembly. The metal containers are earthed to 
the generator base and to the earth datum point of 
the impulse output circuit. However, it was 
found necessary to fit surge suppression capaci- 
tors to some parts of the low voltage auxiliary 
circuits in order to prevent insulation failure. 

The normal test circuit as laid down in British 
Standard Specification No. 923/1940 was used, 
with a loading capacitor of 300 picofarads. In 
addition, this capacitor was employed as the 
high voltage unit of a potential divider, in con- 
junction with an oscillograph incorporating a 
10-kV sealed-off tube. The output voltages were 
also measured by sphere-gap or by a uniform- 
field type of gap*. 


GENERATOR PERFORMANCE 


As previously remarked, the series damping 
resistance of the test circuit was entirely external 
to the generator, and this provided a means of 
varying the wave front. The shortest front 
obtainable, without introducing super-imposed 
circuit oscillations on the output wave, depends 
on the values of circuit inductance and the load 
capacitance; and a series resistance at least 
equal to the critical damping resistance is 
normally used. With the present generator in 
its complete form the overall inductance with a 
typical test circuit loop was found to be 37 micro- 
henries. Thus with the 300 picofarad capacitor 
and other details as a load, this gives a minimum 
wave front of 0-45 microseconds. The corre- 
sponding values with half the generator and the 
same load were 22-0 microhenries and 0-35 
microseconds. A very short wave front is some- 
times desirable, for instance, when testing for 
breakdown in very short times with a limited 
peak voltage. 

The wave tail with the built-in resistors and 
the above load was 45 microseconds. . Examples 
of the output wave shapes are given in Fig. 3a, 
b and c. Fig. 3 (a) shows the result obtained 
with no series resistance and a natural frequency 
of 2 megacycles. The approximate critical 
damping resistance is 570 ohms with a 
0-4 microsecond front. A series resistance of 
1,200 ohms gives a front of 0-95 micro- 
seconds, the timing wave period being 0-2 micro- 
seconds. Fig. 3 (6) is the test flashover in 
2-2 microseconds with a timing wave period of 
1 microsecond and Fig. 3 (c) the wave tail of 
45 microseconds with a timing period of 5 micro- 
seconds. 
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It is most convenient if the generator can be 
operated over a reasonable range of © rarging 
voltages without resetting the spark-ga; . Fo; 
this purpose it is necessary that the ove Voltage 
across each gap subsequent to the trigg: red one 
shall be a substantial fraction of the charging 
voltage, a requirement which in turn depends on 
the stray capacitance between stages being small 
or the stray capacitance to earth being large. 
In the present generator it was possible to work 
over a range of about 10 per cent below the 
flashover voltage of a particular gap setting. 
This is a workable range, but is smaller than is 
desirable. Adding a capacitance of 200 to 
500 picofarads from the second stage condenser 
to ground improved this range, however, to 
20 to 25 per cent., depending on the location and 
use of the whole generator or a particular half. 
unit. The addition of larger ground capacitance 
to the second stage or its extension to the third 
stage improved this range still more, but the 
20 per cent. figure was considered adequate and 
the further ground capacitance was not used. 


CONCLUSIONS 


The generator has been operated satisfactorily 
for about a year. Its main components were 
readily constructed in the laboratory workshop, 
and the overall material cost was a very small 
fraction of the cost of commercial equipment 
of a similar performance. No trouble has been 
experienced due to the use of small spark-gaps 
with charging voltages up to 20 kV. However, 
the original range of charging voltages, which 
could be used with a given setting of the spark- 
gaps, although workable, was not in general 
considered to be large enough. This was easily 
improved by the addition of a small capacitor 
between the second stage and earth. The small 
range is attributed to the use of metal-cased 
capacitors, closely spaced to conserve space, so 
that the stray capacitance between stages was 
relatively large compared with the strays to 
earth. Probably the difficulty would be largely 
overcome by the use of another type of capacitor 
(e.g., insulated container) and a more liberal 
inter-stage spacing, although it is also possible 
that the optimum overall compromise is that of 
adding capacitance to earth. 

The authors wish to acknowledge the detail 
work on the circuit and framework design which 
was carried out by Mr. D. Thomson, A.R.T.C,, 
as part of his Associateship course in the College. 
Mr. J. Brown was responsible for the actual 
construction and also devised and constructed 
the auxiliary mechanisms. The authors thank 
Professor F. M. Bruce of the Royal Technical 
College, Glasgow, for his suggestions and 
encouragement. 
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WELDING DESIGN 
Course to be held at Glasgow 


The Quasi-Arc Company, Limited, Bilston, 
Staffordshire, are to hold a course on we 
design in Glasgow. It will open at ™ 
Institution of Engineers and Shipbuilders : 
Scotland, 39, Elmbank-crescent, Glasgow, C4 
at 7 p.m., on Tuesday, February 23, and lectures 
will continue to be held on Tuesday and Wee- 
nesday evenings from 7 until 8.30 p.m., for 4 
period of seven weeks. Further detai'’s may ‘ 
obtained from the constructional design depart 
ment of the company. 
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THE PHYSICAL NATURE OF “ KNOCK” 


CALCULATIONS FOR PRESSURE AND TEMPERATURE 
By Boris N. Cole, WH.SC., PH.D. * 


LTHOUGH the literature of “‘ knock ”’ in petrol engines is by now very extensive, 
Diccaguiitedy little attention appears to have been paid to a theoretical and 
quantitative understanding of the physical aspects of the phenomenon; that is, of 
the high transient pressures and temperatures which are the actual instruments of 


damage in a “ knocking ” engine. 


It is therefore proposed to set forth an analysis 


which correlates the phenomenon with the classical laws of physics, and which, when 
amplified by certain corrections and experimental data, could form a rational basis 
for computing both the mechanical and thermal intensities of knock under specific 


working conditions. 


A recent and lucid description of the processes entailed in the knock phenomenon 


has been given by Downs and Wheelerf, and 
these processes may be briefly recounted as 
follows : (a) initiation of the fundamental flame 
of combustion at the sparking plug; (5) propa- 
gation of this flame through the combustible 
gas mixture at a rate sufficiently high to create a 
substantial wave of compression ahead of 
itself; (c) reflection of this compression wave 
at the farther end of the combustion chamber, 
causing the ““end gas” to undergo adiabatic 
rises in pressure and temperature that are high 
enough to induce spontaneous ignition; and 
(d) propagation of the resulting detonation wave- 
front back towards the ignition end of the 
combustion chamber, bringing about completion 
of combustion when the detonation front meets 
the fundamental flame. 


The present analysis is based on these concepts ; 
and the following additional assumptions are 
made in order to avoid undue complexity: 
(1) that the combustion chamber has the form 
of a long cylinder (corresponding to an exagger- 
atedly low bore : stroke ratio), so that analysis 
may proceed in terms of one-dimensional 
flow; (2) that the working fluid has the proper- 
ties of pure air (regarded as a perfect gas having 
specific heats at constant pressure and constant 
volume constant at 0-2393 and 0-1710, respec- 
tively) both before and after combustion; 
(3) that there are no dissociation effects ; (4) that 
the fundamental flame is indefinitely thin, so 
that any combustible particle passing through 
it is burnt instantaneously ; (5) that the walls 
of the combustion chamber are frictionless; and 
(6) that radiation effects proceeding from the 
fundamental flame into the unburnt gas ahead 
are negligible. While all these assumptions 
are open to criticism, it is held that correction 
for them would merely modify physical magni- 
tudes without altering the essential nature of the 
knock phenomenon. 

In view of assumption (2), it is reasonable 
to take the air standard Otto cycle as providing 
a set of reference conditions when estimating 
knock intensity. Such reference conditions, in 
respect of pre-combustion pressure and tempera- 
lure, would be represented by point b of the cycle 
diagram as drawn in Fig. 1. Now the Otto 
cycle assumes instantaneous constant-volume 
Combustion up to point c, and it is noteworthy 
that if this form of combustion occurred in 
Practice, then some audible knock effect would 
follow ix consequence of the instantaneous 
Pressure r:se imposed on the material of the 
Piston and the cylinder; but it remains to be 


shown how a non-instantaneous combustion may 
x Mec} an P jn e ° 
of Birming _ Engineering Department, University 
pen D., and Wheeler, R. W., “ Recent 
] Clopmesis in ‘Knock’ Research.” Proc. 
‘Mech.E., 952. 


create pressures and temperatures far exceeding 
the values corresponding to point c of Fig. 1. 

Nomenclature.— Only the more important 
symbols will be defined here, since the various 
auxiliary symbols and suffixes are more intellig- 
ibly defined with the aid of diagrams as need 
for them arises. 


P absolute pressure in lb. per square foot ; 

T absolute temperature in deg. F.; 

p density in lb. per cubic foot; 

a acoustic velocity in ft. per second; 

c propagation velocity in ft. per second; 

w particle velocity in ft. per second; 

q calorific value of the working fluid in 


B.Th.U. per Ib. ; 

t time in seconds after the beginning of 
combustion ; 

R gas constant = 53-2 ft.-lb. per lb. per deg. F. 
for air; 


g acceleration due to gravity = 32-2 ft. per 
second per second ; 

J Joule’s equivalent, 1 B.Th.U. = 778 ft.-lb. 

y ratio of specific heat at constant pressure to 


Cc F | F 
that at constant volume = —2 = - for air. 


CG 5s 


DETONATIVE AND ADIABATIC 
COMPRESSION FRONTS 


As shown in Fig. 2, a steep-fronted, flat-topped, 
compression wave of amplitude P and particle 
velocity w is conceived to advance with velocity c 
through static gas at pressure P,, in which the 
acoustic velocity is a) = / ygRT>o. The gas 
is assumed to possess a calorific value of gB.Th.U. 
per Ib., and it is supposed that the pressure and 
temperature effects of the wave front are great 
enough to induce spontaneous ignition, so that 
combustion takes place continuously within the 
wave front. Governed by the basic assumptions 
already made, the equations of continuity of 
energy, mass and momentum are respectively 
as follows :— 








y Pp Cc y P. (c—w) 
rin’ te” ome 2g 

: . ‘ - &® 

pc=p(c—w) . . (2) 

and P —_ P, = poCw. ° ° (3) 


In manipulating these equations, the genera] 
gas law = =RT, and the equation for the 
p 


acoustic velocity of a perfect gas, a = / ygRT, 
are used. Applying further the substitution that 


y= ; for air, the following results emerge :— 





c 25 (x — 1) (6x + 1) 


a 7 [25@— a. 4a}e) 


a? 
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" (5) 
T(x—1)(6x4+1)’ 
z= (=) = Str +6) + S78 
6 0 0 , © 


5 (6x+ 1) 


where x = Ls Thus equations (4), (5) and (6) 


0 

provide means of calculating the propagation 
velocity of the steep front, the particle velocity 
behind the steep front, and the temperature 
(whence the acoustic velocity) behind the steep 
front, respectively. The equations for an adia- 
batic shock front may be deduced from the 
condition that gq = 0, so that :— 


¢ _ ([6x+1 
‘ | eee 


(8) 





a 
a /7(6x+1) 


T a\? x+6 
: = bs ic + i) = 
these latter forms corresponding to equations 
given by Bannister and Mucklow (1948). 
It is interesting to note that, from equations 


(4) and (5), the propagation velocity of a detona- 
tion front is infinite, and the particle velocity is 


and 





: 144qJ. 
zero, if 25 (x — 1) = —; it may be verified 
0 


nome | ' 
that the temperature ratio T.’ as determined from 
0 


equation (6), corresponds for this condition to 
instantaneous, constant-volume combustion. A 
further point of interest — though having no direct 
application to the present work — is that equations 
(4), (5) and (6) remain physically rational if g is 
negative, implying that heat is extracted, instead 
of liberated, in the wave front. Such a phenom- 
enon could occur in, say, the propagation 
of a shock front through air of such humidity 
that there was a fog of infinitely divided liquid 
particles, which, on suffering the temperature 
rise of compression shock, would draw their 
latent heat of evaporation from the gaseous 
medium. 
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Fig. 2 Diagrammatic history of the knock 
. phenomenon 


ANALYSIS OF DETONATIVE 
COMBUSTION 


In accordance with the basic concepts and 
assumptions which have been adopted, a com- 
plete diagrammatic history of the knock phenom- 
enon is given in Fig. 3. Figs. 3 (a) and 3 (db) 
illustrate, respectively, the assumed form of the 
combustion chamber, and the pressure distri- 
bution within it prior to combustion: the 
pressure P, may be identified with the pressure 
at point 5 of Fig. 1. 


The Fundamental Flame and its Preceding 
Compression Wave.—Following the ignition 
spark, the fundamental flame will propagate 
itself with velocity c; towards the “ piston end ” 
of the combustion chamber, as shown in Fig. 
3(c). If the flame is indefinitely thin, its genera- 
tion will be instantaneous, so that the adiabatic 
compression front which immediately arises 
ahead of it will be steep. By contrast, a thick 
flame would “ detach” itself gradually from 
the ignition end of the combustion chamber, and 
the compression front then set up would be 
initially non-steep and isentropic (i.e., shockless) 
in character, the process being thus less violent 
and less conducive to eventual detonation. It 
is necessary to observe that the actual thickness - 
or thinness — of the fundamental flame, and also 
its propagation velocity c;, will depend upon the 
chemical factors of combustion; but considera- 
tion of these factors must remain outside the 
scope of the present analysis. 

Returning to Fig. 3 (c), then, the properties 
of the shock front P, will be given by equations 
(7), (8) and (9), when the symbols P,, P;, T:, 
Ty, C1, Wi, 4; and a are duly written for P, 
Po, T, To, c, w, @ and a» respectively. The 
flame velocity cy will, of course, be less than the 
shock front velocity c,; and the gases overtaken 
by the flame will suffer a drop in pressure from 
P, to P., and will at the same time be brought 
to rest. It should be realised that the static 
condition of the gases at pressure P, is an 
inevitable consequence of the fixed and imperme- 
able barrier constituted by the ignition end of the 
chamber. It also follows from this same 
property that the only detonative combustion 
which could originate from the ignition end of 
the chamber would be, in fact, the infinitely- 
rapid, constant-volume process already discussed 
as being the limiting case for equations (4), (5) 
and (6); in such circumstances the combustion 
process would merely be restored to the terms 
of the ideal Otto cycle. 

The flame and compression front of Fig. 3 (c) 
being complementary to each other, it is conven- 
ient to analyse their progress compositely, as 
follows. Assuming unit cross-sectional area, 
then, for unit distance travelled by the com- 
pression front P, from the ignition end (see 
Fig. 3 (d)), the principles of conservation of 
energy, mass and momentum are represented, 
respectively, by :— 
initial total energy = p, (C, T, + 9) 

= final total energy 


wi? 
= pe!C,T2+ pi (l Oy 
+adi—)C,Ti+ 2.0 —)q; 
initial mass = p, = final mass= p2/ + p, (1 — J) 


and P, — P, = (c: — cy) re. 


The time taken for the compression front to 
cover unit distance must equal that taken for 


1 l 
hence, — = —; 
Cy Cy 


the flame to cover distance /: 


or, (= 2. Applying this relation to the above 


equations, and further expressing p,, T:, w, and 
: . P, 

c, in terms of the pressure ratio a x and the 
fr) 


pre-combustion constants g, P;, p;, T, and ay, it 
may be verified that :— 


2 
ay a; 


l4gJg(6x+ 1) 
2 


—B=0, (10) 


where 





— 100 (x — 1} 





25V7(6x+ I) —-1) 
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and 


10x + 25 — 4938 
a 


o- 35 ’ 





also that :— 


Pr _, , d-D6x+)@—1) 


P, x+6 





- (it) 


With these dimensionless expressions, the dimen. 


l4qgJg 
2 


sionless ratio = becomes the sigaificant 


ap 
pre-combustion constant; and for any value 
of this, combined with any chosen value of x, 
it is possible from equation (10) to calculate the 


. c e " 
corresponding value of =~ With this done, the 


2 Cy. ' 
value of the ratio / = ~ is readily determined, 
1 
and can be inserted in equation (11) so that the 


P, 
ratio — may be found. 


In like manner, it may 
P, 


be verified that the temperature ratio = is 
b 
calculable according to the expression :— 
a x+6 P, 
S$(di—x)+/(6x+1) 





(12) 


Equations (10), (11) and (12) therefore make 
possible the calculation of a complete set of 
corresponding magnitudes for the configuration 
shown in Fig. 3 (c). 

Detonative Reflection of Fundamental Com- 
pression Front at Piston End.—As shown in 
Fig. 3 (d), the fundamental compression front 
will, at a certain instant, reach the piston end 
of the combustion chamber. Immediately there- 
after, as shown in Fig. 3 (e), the front will suffer 
closed-end reflection, creating a front of amplitude 
P; which will travel back through the incident 
wave-crest P, towards the ignition end. Neglect- 
ing any small velocity that the piston may have, 
the gas at pressure P; must necessarily be static. 

Having been so far of adiabatic character, the 
incident wave front P, may be regarded in the 
first instance as undergoing adiabatic reflection, 
producing certain values of P; and T; in conse- 
quence. If, however, these values reach or 
exceed the critical values for spontaneous 
combustion, then the pressure and temperature 
at the piston end will rise — uninterruptedly in 
fact —until some higher values of P; and T; 
are established. This latter state of affairs de- 
scribes what is meant by “ detonative reflection ,” 
for the reflected wave front P; will be of detona- 
tive, and no longer adiabatic, character. 

Considering Fig. 3 (e), if the gas behind the 
wave front P; is at rest, then it follows that the 
particle velocity (to the left) of this gas relative 
to the gas at P, must be numerically equal to the 
rightward particle velocity w, of that latter gas. 
Hence, adapting equations (8) and (5) to the 
present context :— 

5 (x — | =. a 
s ——— 
oi 7(6x+ 1) 
(144 \qJg 8 

a) 

+ +1) 


25(X — 1) -— = 


“%G-O,/ Fa—-Dex 


where X = = and a, may be replaced, according 
1 2 pase 


| rat) 
to equation (9), by the expression 4, J (ox+) 


After simplifying and re-arranging, it may be 
verified that X is calculable from the ex ression: 


x?—CX+D=0, (13) 
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where a - 
Lt a 
a 
7 x(x +6 ‘ 
l4qg3g(6x+1 
q3g(x+ )_@—1 
D=1+ a 
7 x (x + 6) 


Thus, for any known or assumed value of x, the 


ratio X may be found, whence the ratio= = Xx 
b 
readily follows. 

The leftward propagation velocity of the 
detonation front P;, taken relative to the gas 
ahead of it at pressure P,, is given by equation 
(4) if X and a, be written for x and ay ; while a, 
may be replaced by the expression quoted 
immediately before equation (13). Thus, since 
the gas at pressure P, possesses a rightward 
particle velocity w, of value stated above, it 
follows that the absolute leftward propagation 
velocity of the front P; is given by :— 

C3 











a 
i 3(X—HNECX+) 
i 
; b 
a. 
V7(6x +1) 


Finally, the temperature T; of the gas at 

pressure P, will be determined from the form 
: ? y i , 

of equation (6) if X, e and a, be substituted 
1 

; -. : Ti 

respectively for x,-— and a. Noting that — 

T, T; 


() _ x (x + 6) 


a) (6x+1) 


it may be verified that :— 


t 2546.) 9%+9+ Gs xet6) 


T 6x+1 





14gJg¢ 6x+1 


5 (6X + 1) 
(15) 

Completion of Combustion.—In accordance 
with the terms of this analysis, it follows that 
combustion will be completed when the detona- 
tion front P; encounters the fundamental flame. 
This event will occur at, say, time f, and at 
distance s from the ignition end of the combustion 
chamber, as shown in Fig. 3 (f). Assuming a 
combustion chamber of unit length, then, from 
consideration of the respective propagation 
Velocities of the fundamental flame and of the 
wave fronts P, and Py, it may readily be confirmed 
1 n (1 — s) Ss 


that ¢, ——. = —; whence :— 
Cs Cs cy 
1 1 
G ¢ 
s= —— (16) 
ome a = 
Cy C3 


_At the instant ¢, the entire gas in the combus- 
tion chamber is burnt and is at rest, though 
obviously in an unstable disposition by virtue 
of the pressure drop P; — P, existing at the 
Position s | However, in the course of numerical 
Work, thi: instantaneous configuration offers a 
Valuable «portunity for making a simple check 
on the a uracy of previous calculations; for 
(continuin to assume that the chamber has unit 
‘foss-secti n and unit length) the principles of 
— 1 of mass and energy may be written 
ont Po = P25 + ps(l — 5) 

Pr (\ ‘Ty + q) = C, (p2 Tz + Ps Ts), 


fespectivel. in which the left-hand sides relate 


to the pre-combustion state, and all the terms 
on the right-hand sides will have been determined 
in the manners prescribed, it being duly noted 
: : P 

that any density p is equal to RT 

Compression of Burnt Gas behind Fundamental 
Flame. —Immediately after the instant f, repre- 
sented in Fig. 3 (f), a steep compression front will 
travel towards the ignition end of the com- 
bustion chamber, while an initially steep, but 
subsequently non-steep, rarefaction front will 
travel towards the piston end. This process, 
illustrated in Fig. 3 (g), is in exact accordance 
with that investigated by Bannister and Muck- 
low*; and their equation for calculating the 
** equalisation pressure ”’ P, (which is the common 
absolute amplitude of both the compression 
and the rarefaction fronts) may be written in 
present notation as :— 


1 as 


@)-—2 
P, wn 4 


(Ey (2+ 


Though very accurate for a wide range of values 





(17) 


for az this equation is only approximate, since 
3 


the equation for the particle velocity of a non- 
steep wave has been assumed to apply to the 
If, however, i, is 
P; 
less than about 0-1, the error incurred by equation 
(17) becomes significant: it is thought that this 
condition may well arise in the knock pheno- 
menon, and it is therefore desirable to formulate 
an exact expression for calculating P,. This 
may be done by equating the leftward particle 
velocity associated with the base B of the 
non-steep wave B C shown in Fig. 3 (g) to that 
associated with the steep compression front A. 
The particle velocity w,, expressed in terms of the 
non-steep wave BC, may be shown to be 
1 


steep compression front. 


7 
(Bannister and Mucklow) 5 a; [(@) — 1| ; while 
3 


the same quantity expressed in terms of the steep 
compression front will be given by equation (8) 
when adapted to the present context. It may 
therefore be verified that P, is calculable exactly 
according to the equation 


Se — 9 ,¢ 
a3 


waece* pnt. ow 


P, 
h ==. 
where r = 5 


2 

convenient than equation (17), since a solution 
can only be effected by trial and error. If, 
however, a first approximation to r is obtained 
from equation (17), the labour entailed is much 
reduced. In following this procedure, it should 
be borne in mind that equation (17) slightly 
over-estimates the value of r. 


This equation is obviously less 


Pas 
Unless the temperature ratio = happens to be 
3 


of a certain unique value, the gas which is 
expanded isentropically from P; to P, by the 
rarefaction front B C will assume a temperature 
that differs from that of the gas which has been 
compressed polytropically from P, to Py by 
the steep front A. That is to say, a discontinuity 
of temperature will be set up within the moving 
gas column of pressure P,; and this is indicated 
by the transverse line X X in Figs. 3 (g) et seq. 
This discontinuity is of no direct importance 
when calculating the pressure and temperature 
effects of the knock phenomenon; but it exerts 


* Bannister, F. K., and Mucklow, G. F., Proc. 
I.Mech.E., vol. 159 (1948). 
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a certain influence upon the propagation velocities 
of the wave-points B and C after reflection at the 
piston end of the chamber, and so may affect the 
duration of the critical part of the phenomenon. 
A fuller description of this effect will be given 
later. 

Figs. 3 (A) and 3 (i) illustrate different stages of 
the reflection of the rarefaction front BC at 
the piston end of the chamber; while Fig. 3 (j) 
illustrates the formation of a new pressure level 
P; after completion of that reflection; later, 
teference will be made to these diagrams when 
considering time effects. It is not proposed to 
discuss how the pressure P,; may be calculated; 
so far as the piston end of the chamber is con- 
cerned, the establishment of this pressure heralds 
the decay of the critical phase of the knock 
phenomenon, and a knowledge of the exact 
value is of little interest. 

Of very material interest, however, is the 
process of reflection of the compression front A 
at the ignition end of the chamber, as shown in 
Figs. 3 (kK) and 3 (/); for the result of this is that 
the pressure and temperature at that end rise 
abruptly from P, and T, to some new and higher 
values of P, and T, respectively. Equation (13) 
may be adapted to the calculation of P., provided 
that the symbol X be now taken to represent 


P ae " 
4 ; that the terms containing g be omitted from 
4 


the expressions for the coefficients C and D (for 
the present reflection process is adiabatic, and 
not detonative); and that the symbol x in those 


, P. 
expressions be now taken to represent = 
2 


Calculation of T, is most conveniently performed 


Fn ae 
by’ means of equation (9), by writing ¥ for 
4 


F P, 
T and P, for x. 

Fig. 3 (m) illustrates the meeting of the rare- 
faction front B C with the compression front A, 
after each has suffered reflection at the respective 
ends of the chamber; while Fig. 3 (”) shows the 
arrival of BC at the ignition end. This latter 
configuration may be said to initiate the decay 
of the critical phase of the knock phenomenon 
so far as the ignition end is concerned, since the 
pressure and temperature at that end subsequently 
diminish. The complete decay of the pheno- 
menon is a relatively lengthy process, during 
which the wave fronts A and BC suffer an 
indefinite succession of reflections at the two 
ends of the combustion chamber. In addition, 
each wave front will undergo partial reflection 
at the plane of temperature discontinuity X X 
(Bannister and Mucklow), while each partial 
reflection will itself suffer a similar train of 
events. By these means, and aided by the 
irreversible nature of the compression front A, 
the initially orderly wave motion is dispersed 
into rapidly increasing disorder, so that final 
equilibrium in the form of a uniform pressure 
distribution throughout the chamber must be 
reached. The actual presence of wall friction — 
neglected in this analysis —will accelerate this 
process. 


SPECIMEN CALCULATIONS OF KNOCK 
PRESSURES AND TEMPERATURES 


A series of specimen calculations has been 
performed according to the following details. 
The pressure and temperature at point a of the 
Otto cycle diagram, Fig. 1, have been taken 
as 14-7 lb. per square inch absolute, and 590 
deg. F. absolute, respectively; and the com- 
pression ratio has been taken as 6:1. The 
pressure P,, the temperature T,, and the acoustic 
velocity a, at the end of compression (point b 
on the cycle diagram) have thus been calculated 





"| Py = 180-6 Lb. per Sq. In. Abs. 
T, = 1065 Deg. F. Abs. 
a, = 1598 Ft. per Sec. 4 


Jag yd / 
Poh = 12: 753, 
b 
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Fig. 4 Graph of pressures and temperatures in 
knocking combustion. 


as 180-6 lb. per square inch absolute, 1,065 
deg. F. absolute, and 1,598 ft. per second, 
respectively. The higher calorific value of petrol 
has been taken as 19,500 B.Th.U. per lIb., so 
that for an assumed “ correct ”’ mixture strength 
of 14 : 1 the calorific value g of the mixture has 
been determined as 1,300 B.Th.U. per Ib., 
yielding a value for the dimensionless group 
958 of 12-753. 
ay 
tional end-of-combustion conditions, corre- 
sponding to point c of the Otto cycle diagram, 
Fig. 1, have been calculated as 1,470 lb. per 
square inch absolute, and 8,669 deg. F. absolute. 
To provide a contrast with these figures for the 
case of knocking combustion, the prescribed 
analysis of knock has been applied to calculate 
the quantities P, and T; (Fig. 3 (e)) and P, and T, 
(Fig. 3 (J)—these being the highest pressures 
and temperatures that occur in the phenomenon 
—in terms of the velocity of propagation c; of 
the fundamental flame. The results of this 
work are shown graphically in Fig. 4; and it is 
thus seen that transient pressures and tempera- 
tures far exceeding the stable values for instan- 
taneous constant-volume combustion may be 
accounted for. 


A point of particular interest borne out by 
Fig. 4 is that while, for any value of cy,, the 
maximum pressure in the process is P,; which 
arises at the piston end of the combustion 
chamber, the maximum temperature is T, which 
arises at the ignition end in consequence of the 
shock compression of already burnt gas. Arguing 
solely on the evidence of this theoretical result, it 
would be reasonable to conclude that the risk of 
mechanical damage due to knock was greatest at 
the piston end of the combustion chamber, 
while the risk of thermal damage was greatest 
at the ignition end. Undoubtedly, a certain 
amount of practical experience might be con- 
strued as supporting this conclusion; but the 
conclusion can nevertheless not be infallible, 
owing to the very variable errors entailed in the 
simplifying assumptions on which the present 
analysis has been based. 

Before attempting further to correlate the gas 
dynamics of knock with the damage inflicted 
upon the enclosing walls, it may be of interest 
to offer an explanation of how the audible effect 
of the phenomenon arises; for it is naturally a 
little surprising that a “soft” and relatively 
tenuous gaseous medium should be able to 
create the effect of a hammer-blow upon the 


With these data, the conven- 


hard and dense walls of a combustion chamber. 
Consider, for example, that part of the audible 
effect which originates at the piston end of the 
chamber. According to the process illustrated 
in Figs. 3 (c), 3 (d), and 3 (e), the piston crown 
suffers an instantaneous pressure rise P,; — P,; 
and the necessary consequence of this is that this 
same pressure rise will be transmitted as a 
shock compression wave into the material of the 
piston, creating a disturbance which will pass 
thence into the moving parts of the engine. 
Denoting the acoustic velocity in, and the 
density of, the material of the piston by a, and 
Pp, Tespectively, it may be verified (Cole, 1950)* 
that the velocity of impact of a solid striker of 
the same material upon the piston crown, such 
that the same instantaneous increment of stress 


P, — P, is created, is given by 2 (P; — P,) & Pp: 


(J 
Typical values of a, and p, for a light-alloy 
piston will be of the order of 16,500 ft. per 
second and 168 Ib. per cubic foot, respectively. 
Hence, selecting an arbitrary case from the data 


given in Fig. 4—say the case of a = 1°67, for 
f) 


cote , : 
which = = 35-5 ~-it may be checked that, with 


b 

P, already quoted as 180-6 Ib. per square inch 
absolute, the velocity of equivalent solid impact 
for this case would be about 21 ft. per second. 
Analysed in this way, the percussive effect of 
knock is translated into terms of simple everyday 
experience, and so can be more easily appreciated ; 
for it is clear that the collision of two solid 
bodies at a velocity of 21 ft. per second will 
indeed constitute an audible hammer-blow. 
Moreover, bearing in mind that the overall 
percussive effect of knock will accrue not only 
from the particular process just discussed, but 
also from the subsequent series of shock reflec- 
tions at the two ends of the chamber, it becomes 
fully understandable that knock in an engine 
may assume alarming proportions. 


The development of damage due to knock is 
easy enough to understand in qualitative terms. 
Any perceptible degree of knock will raise the 
mean temperature level to which the walls of the 
combustion chamber are subjected, and at the 
same time will increase the amplitude of stress 
reversal within the walls; thus in both respects 
the fatigue resistances of the various metals 
used will be reduced. Furthermore, for a heavy 
degree of knock, the elasticities and ultimate 
strengths of the metals will become seriously 
depressed, so that the stress waves created will 
rapidly penetrate into the plastic range: ulti- 
mate breakdown thus becomes obvious. 


In attempting to formulate some quantitative 
criterion by which to judge the risk of damage, 
it is undoubtedly rational to regard the primary 
mechanical and thermal factors of damage as 
being the salient excesses of pressure and tempera- 
ture reckoned above the levels P, and T,, 
respectively, as represented by point c in the 
Otto cycle diagram, Fig. 1; for an engine 
must be designed in the first instance to withstand 
these latter values. But a time factor must 
also be taken into account, since the longer the 
time that any specified excesses of pressure 
and temperature are allowed to exist, then the 
greater accordingly will be the amounts of shock- 
wave energy and heat that are transmitted into 
the material of the surrounding walls. On the 
other hand, it is clearly feasible for a relatively 
small excess having a relatively long duration 
to be a more serious potential source of damage 
than a high excess having only a very short dura- 
tion. Simple, though very tentative, criteria 
of damage-risk may thus be taken as the products 


* Cole, B. N., The Engineer, March 3 and 10, 1950. 
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Fig. 5 Pressure and temperature damage 
risks. 


of the salient excesses of pressure and temperature 
with their respective time-durations. On this 
basis, though only for the piston end of the 
chamber, some specimen information has been 
assembled by making further use of the calcula- 
tions for Fig. 4. Observing that the wave-point 
C (Fig. 3 (g)) will have a propagation velocity 
equal to the acoustic velocity a3, and that the 
arrival of this point at the piston end will termin- 
ate the duration of the quantities P; and T,, 
it may be verified that the common duration of 
these quantities for unit length of combustion 
chamber is given by 


(I —s) (2+ a 


st=* 
ap Cs as 


. . (19) 


The curves shown in Fig. 5 have been constructed 
with the aid of this equation, and it is seen that, 
for the particular data used, both the pressure 
and temperature criteria of damage risk have a 


maximum for a value of <! of about 1°67. 


b 

However, it must be conceded that neither 
maximum appears to be highly critical, and it is 
therefore left to the reader to form his own 
opinion of the adequacy of the criteria suggested. 
It should be added that curves similar to those 
of Fig. 5 could also be developed for the ignition 
end of the chamber, but with far greater labour 
owing to the more intricate calculations arising 
for the time durations. 


In closing this review of specimen calculations, 
it is thought worthwhile to record a specimen 
time-sequence of the events of the knock pheno- 
menon up to the point of decay at the ignition 
end of the combustion chamber. Retaining 
the same numerical data as have been used so 
far, complete calculations have been performed 


for the case of <t = 1-67 (corresponding approxi- 


b 
mately to the peaks of the curves of Fig. 5), the 
combustion chamber being taken as of unit 
length (i.e., 1 ft.). The resulting succession of 
time intervals, together with the more important 
of the associated magnitudes of pressure, tempera- 
ture, propagation and particle velocity, are 
given here in Table I. Limitations of space 
forbid a detailed account being given of the 
methods of calculating all salient propagation 
and particle velocities; but all theoretical 
matter used by the author, over and above that 
already given, will be found in the published wor k 
of Bannister and Mucklow. 
The following comments will assist an apprecia- 
tion of Table I. As already stated, the plane of 
temperature discontinuity (X X in Fig. 3), which 
moves with the local particle velocity, does not 
affect the magnitudes of the peak pressures and 
temperatures of the phenomenon, but may very 
perceptibly influence the time-sequence ©’ events: 
for the data of Table I it may be shown that the 








40-15 





ry hy 
o 
° 


EERING™ 


ge 


rature 
1 this 
of the 
; been 
Icula- 
-point 
slocity 
at the 
ermin- 
id T;, 
ion of 
ustion 


(19) 


ructed 
n that, 
ressure 
have a 


- 1°67. 


neither 
nd it is 
is own 
gested. 
» those 
ignition 
labour 
arising 


lations, 
yecimen 
pheno- 
ignition 
staining 
used so 
‘formed 


\pproxi- 


_ 5), the 
of unit 
ssion of 
iportant 
empera- 
ity, are 
yf space 

of the 
pagation 
eoretical 
ove that 
1ed work 


\pprecia- 
plane of 
:), which 
does not 
ures and 
nay very 
events: 
that the 








ENGINEERING Janwary 22, 1954 


temp°catures of the gas to the left and to the 
right of the discontinuity, as shown in Figs. 
3 (g). 3 (A), and 3 (i), are 9,950 deg. F. absolute 
and /.310 deg. F. absolute, respectively, and the 
table records that the propagation velocity of 
the wavepoint C rises from 8,000 ft. per second 
to 8.710 ft. per second as a result when over- 
taking the discontinuity; this change naturally 
influences the duration of the quantities P, and 
T, at the ignition end. It so happens that, 
for the special case represented in Table I, the 
instant t, actually precedes the instant f;: 
this effect is to a large extent fortuitous, and is 
of no special significance. Inspection of the 
table reveals that the duration of the quantities 
P, and T; at the piston end, viz. (t,; — 1%), is 
0-000,052 second, while the duration of the 
quantities P, and T, at the ignition end, viz. 
(t, — ts), is somewhat greater at 0-000,060 
second ; it does not follow, however, that for 
other numerical data the latter duration would 
necessarily exceed the former. The instant 4, 
which determines the most critical and damaging 
phase of the phenomenon, is seen from the table 
to occur 0-000,503 second after ignition. 
Although these time intervals have been calcu- 
lated for a combustion chamber of unit length, 
the value of any characteristic interval will in 
fact vary in direct proportion with the length 


c 
TaBLe I Specimen Calculations for the Case of Rs = 1°67 






































me 
: iagram 
= hep J for Con- Associated 
Ignition Spark. — Magnitudes. 
Time. 
0 Fig. 3 (6) | P;,= 180-6 Ib. per sq. in. abs. 
Tp = 1,065 deg. F. abs. 
t,= 0-000,298 sec. | Fig. 3 (d) | P,:= 903 Ib. per sq. in. abs. 
(arrival of funda- | (see also | P,= 602 se m o 
mental compres- | Fig. 3 (c)) | T2= 6,750 deg. F. abs. 
sion front at Cc, = 3,360 ft. per sec. | t 
piston end) cy = 2,6 oo ight 
wi= 2,170 3, 3, J me 
t,= 0-000,319 sec. Fig. 3(f) | Ps= 6,410 Ib. per sq. in. abs. 
(completion of (see also | Ts= 10,220 deg. F. abs. 
combustion) Fig. 3 (e)) | cs = 6,940 ft. per sec. to left 
s = 0-851 ft. 
ty = 0-000,350 sec. | Fig. 3 (4) | co = as= 4,950 ft. per sec. 
(arrival of wave- to right over interval (t;— fs) 
point C at piston 
end) 
t, = 0-000,368 sec. | Fig. 3 (i) | cp = 364 ft. per sec. to right 
(reflection of point over interval (t,— ts) 
C to meet point 
B of rarefaction 
front) 
t, = 0-000,458 sec. | Fig. 3 (/) | P,= 2,000 Ib. per sq. in. abs. 
(instant when point ws (= velocity of temperature 
Cc overtakes tem- discontinuity over interval 
perature discon- (ts — ts)) = 3,820 ft. per sec. 
tinuity) to left. 
cc = 8,000 ft. per sec. to left 
over interval (t;— 4) 
t= 0-000,443 sec. | Fig. 3 (k = 6,9 2 R 
Sieal of coes- ig. 3 (kK) | & 920 ft. per sec. to left 
Pression front A 
at ignition end) 
t, = 0-000,478 sec. | Fig. 3 (m)| P,.= 5,410 Ib. per sq. in. abs. 
(meeting of re- T, 13,680 deg. F. abs. 
ected ~compres- Cs = 3,860 ft. per sec. to right 
sion front A with Co = 8,710 ft. per sec. to left 
cca point over interval (t;— ts) 
= 0-000,503 sec. | Fig. 3(m) | cg (= ag over interval (t,— t 
(arrival of rarefac- © ~ 5,720 ft. per sec. ot" 
tion point C at 
ignition end) 














of the chamber; thus, for example, the value of 
', for a chamber 1 in. Jong—all other quantities 


remaining as for Table I—would be equal to 
0-000,50: ; 


>. = 0-000,042 second. Pursuing the 
implica ns of this last statement, it is interesting 
to find ‘.at, for an engine having an effective 
Combusi n chamber length of 1 in. and a 
Pn veed of, say, 3,000 r.p.m., which equals 
,000 g. of crank angle per second, the 
ese iration of the knock phenomenon 

ste 


2 with Table I would occupy only 
000 » )-000,042 = 0-76 deg. of crank angle. 


This, of course, is a purely random example, 
and is not meant to be representative of any 
general case; but the point is clearly established 
that, in conformity with practical observation, 
the complexities of the knock phenomenon 
occupy only a minute fraction of the time of a 
complete engine cycle, even at high running 
speeds. 

In conclusion, it must be emphasised that 
while the prescribed analysis of knock makes 
some start in converting qualitative conceptions 
into quantitative values, it is by no means 
complete in consequence of the six simplifying 
assumptions initially made ; and if the pressure 
and temperature magnitudes quoted in the 
numerical illustrations seem excessively high — as 
they may well be—it must be recollected that 
they would be depressed appreciably if correc- 
tion were made for the error incurred by any 
one of at least the first five of those assumptions. 
Moreover, the author makes no claim that the 
sequence of events postulated in the present 
analysis is the only possible one; for there is no 
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reason why the fundamental compression front 
P, should inevitably undergo detonative reflec- 
tion at its first incidence upon the piston end 
of the combustion chamber. It would be quite 
feasible in a specific case for the pressure and 
temperature associated with spontaneous ignition 
to be too high to be achieved in the adiabatic 
phase of this first reflection; in which event a 
detonative reflection in the “‘end gas” might 
only be realised at such time as a secondary 
or even later incidence of the compression front 
occurred—the front having in the meantime 
suffered reflection at the ignition end of the 
chamber and, in a partial sense, at the funda- 
mental flame front itself. Such a sequence of 
events would, however, prove very complex in 
analysis, and would without doubt lead to peak 
pressures and temperatures of moderate order 
compared with those of the present analysis. 
It is therefore hoped that the analysis given may 
find some favour, inasmuch as it deals with the 
severest possible form that the phenomenon of 
knock can assume. 


KINETIC HEATING 


STRUCTURAL AND MATERIALS 
PROBLEMS IN HIGH-SPEED FLIGHT 


T a conference on “ thermal stress,” organised by the Stress Analysis Group of 
the Institute of Physics and held in the University of Bristol on January 7 and 8, 
research scientists of the aircraft industry and associated interests discussed some of 


the engineering problems associated with supersonic flight. 


At the opening session, 


presided over by Mr. E. K. Frankl, of the Engineering Laboratory, Cambridge 
University, who is chairman of the Stress Analysis Group, an address was delivered 
by Professor A. G. Pugsley, F.R.S., Head of the Department of Civil Engineering 


in the University of Bristol. 

In a philosophic discourse, Professor Pugsley 
presaged the development of a new mechanics 
of structural analysis, by analogy with the 
progressive revelation of the laws of gas dynamics 
in the Nineteenth Century. The new dynamics, 
he suggested, must embrace both non-linearity 
and time-dependance as well as the concepts of 
classical elasticity based on Hooke’s Law, and 
not only a more complex system of stress 
analysis would be necessary but recognition also 
of the possibility of ‘* thermal fatigue,’ a mech- 
anical effect due to cyclic thermal stress in the 
plastic range. 


HEAT-RESISTANCE PROBLEMS IN 
CIVIL ENGINEERING 


In the field of civil engineering, Professor 
Pugsley reminded his audience that many 
existing civic building regulations were derived 
from rules laid down after the Great Fire of 
London in 1666, and that appropriate fire 
resistance was still one of the principal objects 
of these regulations. In spite of the accumula- 
tion of much experience from ad hoc tests on 
the fire resistance of reinforced concrete floors 
and frameworks, the physics of concrete as a 
fire-resisting material had not yet been adequately 
investigated. Referring to the increasing use 
of prestressed concrete, he said that, with the 
possibility of serious creep in the steel members 
at 200 deg. C., this type of construction afforded 
considerably less resistance to the effect of fire 
than ordinary reinforced concrete. Some recent 
work on fire-resisting bulkheads for ships had 
shown that aluminium sheet sprayed with 
asbestos was superior to the corresponding steel 
unit, by reason of its better heat conductivity. 





The technical trend of the remainder of the 
conference was, as already noted, concentrated 
on the thermal-stress problems of high-speed 
aircraft. During part of the two-day meeting, 
Mr. Frankl was relieved in his office of Confer- 
ence chairman in the second session by Dr. P. B. 
Walker, Head of the Structures Department, 
Royal Aircraft Establishment, and in the third 
by Professor Pugsley. 


COOLING REQUIRED AT 
SUPERSONIC SPEEDS 


An outstanding paper was that of Mr. D. G. 
Rendel, of the Mechanical Engineering Depart- 
ment, Royal Aircraft Establishment, on ‘“‘ Engi- 
neering Background to the Thermal Problems of 
High-Speed Flight.” He outlined the various 
sources of heat input when all the air required 
within the aircraft only became available at the 
effective stagnation temperature, after being 
brought to rest from a state of high velocity 
relative to the aircraft. He used lantern 
slides showing the conditions of temperature 
and pressure, varying with speed and height, in 
which supersonic aircraft might be expected to 
operate, and gave details of the cooling require- 
ments for the crew and equipment for a medium- 
sized military aircraft, assuming that many of 
the components generating heat could only be 
controlled by means of air circulation. For the 
example taken, the cooling requirements would 
be of the order of 100 h.p. at Mach 2 and would 
increase rapidly with increasing speed. Indeed, 
at higher speeds the power required for cooling 
purposes might tend to approach that required 
for propulsion, and it became necessary to 
consider how the heat capacity of the aircraft and 
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its fuel could be used to mitigate the cooling load. 

When account was taken of the heat entering 
through the structural skin, Mr. Rendel con- 
tinued, the problem became still more formidable, 
and surface insulation, either outside or inside 
the structural skin, had to be considered. In the 
discussion which followed, the extent of the 
perimeter which might have to be defended 
against the penetration of heat from outside and 
the relative volume within the aircraft which 
might have to be cooled were shown to be matters 
for further investigation. On Mr. Rendel’s 
argument it was clear that materials with good 
heat-insulation properties would be in greater 
demand for aircraft construction as operational 
speed and endurance increased. It was sug- 
gested that at speeds above Mach 2 at 50,000 ft. 
and over, there would be increasing relief from 
outward radiation; to make the most of this 
possibility it might be desirable to use a white 
pigmented surface. 


LOW COEFFICIENT OF EXPANSION 
NEEDED 


In a paper on “ Kinetic Heating of Aircraft 
Structures,” Dr. P. B. Walker referred to two 
problems—the deterioration of material pro- 
perties at elevated temperatures and the stress 
induced by thermal expansion. The second 
problem, he said, would not exist if materials 
could be developed with sufficiently low coeffi- 
cients of expansion. Though such a development 
might be possible for a narrow range of tem- 
peratures, a reduction in the coefficient of 
expansion over one band of temperatures would 
be offset by an increase in another part of the 
working range which would be required in 
practice. Each flight of a supersonic aircraft 
represented a fairly high thermal-loading cycle. 

In a more detailed survey entitled ‘* The 
Problem of Thermal Stress in Aircraft Struc- 
tures,” Mr. E. Loveless, of the English Electric 
Company, Limited (aircraft division), referred to 
some of the immediate problems confronting 
designers of aircraft for a specified supersonic 
endurance. Transparencies made of conven- 
tional plastics were particularly vulnerable to 
thermal stress and it was necessary to consider 
their substitution by glass. Before designers 
could use with confidence the primary structural 
materials becoming available, or being developed, 
for use at elevated temperatures, it would be 
necessary to undertake comprehensive tests on 
compression panels. Indeed, all materials and 
components would have to be tested in conditions 
representing as closely as possible those of 
service. 

Looking beyond the immediate prospect, 
Mr. Loveless suggested that entirely new types 
of construction might be required and that, 
although flight tests would be essential, it was 
becoming necessary to develop methods of 
simulating on the ground the temperatures due to 
kinetic heating as well as the stresses due to 
aerodynamic loadings. Discussing the problem 
of insulation he mentioned the possibility of deep 
anodic treatment being used as a protection 
against the short-time effect of thermal shock. 


POSSIBILITY OF COMPOSITE 
CONSTRUCTION 


Dr. E. W. Parkes, of the University of 
Cambridge, in a paper on “The Design of 
Wings for Minimum Thermal Stress,” presented 
a solution of a specific design problem.* He 
first referred to a previous papert in which he 


* “Transient Thermal Stresses in Wings,’’ by 
E. W. Parkes. Aircraft Engineering, vol. 25, page 
373, December, 1953. 

t ‘* The Alleviation of Thermal Stresses,’ by E. W. 
Parkes. Aircraft Engineering, vol. 25, page 51, 
February, 1953. 


had shown that effectively instantaneous changes 
of external temperature could occur in practice 
and that quite simple insulation could have a 
marked effect on the thermal stresses. 

For a conventional type of cellular wing 
structure, an analysis, which was exact within 
the limits of the usual assumptions made in 
applications of thermal-elastic theory, had 
shown that with little or no surface insulation 
the maximum stress in the wing could be from 
70 to 85 per cent. of the limiting value corre- 
sponding to a heated skin attached to unheated 
webs. The dependence of transient thermal 
stress on the coefficients of expansion and the 
elastic moduli of the materials of wing skin and 
webs had suggested to Dr. Parkes the possible 
advantages of composite construction. After 
determining the stresses in several different 
combinations he had concluded that, for designs 
in which transient effects predominated, the 
most favourable combination would be that of 
light-alloy webs with a steel skin. 

Considerable discussion was provoked by his 
suggestion that the main problem of transient 
stress might be solved by the use of thermally 
non-redundant methods of construction, such 
as the replacement of plate webs by triangulated 
frusses, even though less efficient from an 
ordinary load-carrying point of view. 


SIMULATING THERMAL LOADING 


The importance of developing test methods 
for proving structural assemblies in conditions 
of thermal stress was emphasised by several of 
the contributors taking part in the discussions. 
In a paper on “Some Structural Effects at 
High Rates of Heating,’ Mr. I. L. G. Baillie, 
of the Bristol Aeroplane Company, Limited, 
after describing some short-time tests recently 
carried out, outlined the various methods avail- 
able in the laboratory for applying thermal and 
mechanical loadings to a structure simultane- 
ously. This theme was pursued in more detail 
by Mr. W. H. Horton, of the Structures Depart- 
ment, Royal Aircraft Establishment, in a paper 
on ‘Laboratory Simulation of Kinetic Heat- 
ing.” 

He remarked on the great difficulty of 
developing practicable methods of calculation 
which would take full account of a complicated 
heat-system in the structure of an aircraft com- 
bined with the aerodynamic load-system. It 
was therefore urgently necessary, he suggested, 
to prepare schemes for the major strength testing 
of aircraft structures including the simulation of 
the kinetic heat loading. He concluded that, 
although contact heating and convective heating 
might be adequate for representing steady-state 
conditions, and induction heating might be 
necessary for the highest rates of heat transfer, 
radiant heating appeared to be the most promis- 
ing method for general use. 

Conditions for thermal-elasticity, required in 
the design of experiments with models, were 
outlined by Mr. A. J. Sobey, also from the Royal 
Aircraft Establishment, Structures Department, 
in a paper entitled ‘“‘ Thermoelastic Similarity,” 
and in the discussion the possibility of using 
photo-elastic methods for thermal stress model- 
ling was suggested. A possible temperature 
range was from — 80 deg. C. to + 20 deg. C., 
and a preliminary examination had indicated 
that variation of the stress-optical coefficient 
would not be serious within these limits of 
temperature. 


GUIDANCE REQUIRED ON 
CREEP STRENGTH 
The importance of accurate knowledge of 


material properties at temperatures and heating 
rates similar to those in service was emphasised 
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by several speakers. Mr. K. B. Chambx jain, 
of the Bristol Aeroplane Company, Limite , for 
example, in a paper on “ Thermal Stress i Gas 
Turbine Engines ” considered that elegant rn athe- 
matical solutions of heat transfer problems sight 
have little practical application without such 
knowledge of material properties. At.other 
speaker suggested that properties obtainec after 
a long heat soak were not representative, t ough 
that method of testing might be preferred jn 
some metallurgical laboratories due to a'sence 
of scatter of test results. 

Mr. G. Meikle, of the Metallurgy Deparment, 
Royal Aircraft Establishment, however, in a 
paper entitled “The Effect of Time on the 
Mechanical Properties of Aircraft Metallic 
Materials at Elevated Temperatures,” made it 
clear that metallurgists were well aware of the 
importance of obtaining the short-time, as well 
as the soak, properties of materials of construc- 
tion, especially the aluminium alloys. One of 
the principal difficulties of metallurgical research 
was, in his opinion, that of knowing what pro- 
perties were of most value to engineering de- 
signers. 

He said he would welcome guidance on engi- 
neers’ requirements of creep strength for aircraft 
structural materials. He suggested a criterion of 
0-1 per cent. creep in 1,000 hours, adding that 
longer test periods would tend to impose un- 
acceptable demands on testing facilities, in that 
10,000 hours corresponded to 14 months and 
100,000 hours to 11 years. 


ANALYSIS AND INSTRUMENTATION 


The effect of including a thermal-stress term 
in the equations of classical elasticity theory was 
reviewed by Professor W. S. Hemp, of the 
College of Aeronautics, Cranfield, in a paper on 
‘* Theoretical Methods for the Analysis of 
Thermal Stress,” and a method of solution for 
an axially-symmetrical three-dimensional pro- 
blem was obtained by Dr. R. D. Hoyle and Mr. 
E. James, of the Imperial College of Science and 
Technology, in their paper on “ Axially Sym- 
metrical Thermal Stress Problems.” In_ this 
problem an iterative method of solution had 
been necessary owing to non-linearity of material 
properties, and it was proposed to develop an 
electrical analogue for obtaining numerical solu- 
tions to problems of this type. 

Mr. B. J. Terrell, of Pametrada Research 
Station, presenting “‘ Some Notes on the Mea- 
surement of Thermal Stress and Displacements 
in Turbine Machinery,” described and illustrated 
various methods for the measurements of dis- 
tortion and displacement in the course of experi- 
mental investigations which he had carried out, 
and he proposed for consideration the poss 
bility of X-ray diffraction methods. For if such 
methods could reveal the positions of the atoms, 
with temperature measurements indicating where 
they ought to be, the difference would represent 
thermal stress. 


STRAIN GAUGES 


Mr. D. A. Drew, of Rolls-Royce, Limited, in 
a paper on “ High Temperature Strain Gauges, 
said that since the properties of the gauge wilt 
might depend more on temperature than on 
strain, the temperature correction might have 
to be greater than the measurement required. 
It was therefore often necessary to draw the 
gauge wire from material similar to that on which 
strain was to be measured. With gauges now 
under development he was confident o! being 
able to measure strains at 500 deg. ©. bh 
centrifugal field of 50,000g. Mr. Drew sal 
that wires 0-0005 in. in diameter cov'd quite 
easily be welded, and he exhibited a welding 
machine that had been specially constr’ ted for 
such fine work. 
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CONTROLLED ATMOSPHERIC 
CONDITIONS 


PLANT FOR INSTITUTE OF AVIATION MEDICINE 


To assess standards of clothing for flying crew, 
a “climatic” research laboratory is in use at 
the Royal Aircraft Establishment, Farnborough, 
in which the Institute of Aviation Medicine of 
the Royal Air Force carry out physiological 
tests on subjects working in various types of 
clothing in a controlled atmosphere. This 
article, which is extracted from a lecture entitled 
“The Climatic Research Laboratory — Farn- 
borough,” given by Mr. L. C. C. Rayner and 
Mr. A. H. Coombs before the Institution of 
Heating and Ventilating Engineers in London, 
on January 13, describes the plant installed to 
provide the required conditions of temperature, 
humidity, air velocity, etc., in the main test 
chamber where subjective tests are carried out. 

The laboratory comprises a test chamber, 
9 ft. by 9 ft. in cross-section by 15 ft. long, an 
acclimatisation room, a clothes conditioning 
room and a room where clothing can be dried. 

The air temperatures in the test section are 
controlled from 15 deg. to 180 deg. F. to within 
+} deg. F., the relative humidity from 10 to 
100 per cent. to within + 4 per cent., and the 
air speed from 30 to 2,640 ft. per minute to within 
+1 per cent. of the set speed. The temperature 
of the walls, floors and ceilings, controlled 
individually, are variable between 50 deg. F. and 
180 deg. F. when the air temperature is in the 
range 70 deg. F. to 120 deg. F. Outside this 
range, it is required to maintain surface tempera- 
tures at any temperature within + 20 deg. F. 
of the air temperature, for air speeds not exceed- 
ing 880 ft. per minute. 


LAYOUT OF PLANT 


Briefly, the laboratory comprises a heavily- 
insulated tunnel, roughly elliptical in plan, around 
which air is circulated by a 120-in. diameter axial- 
flow fan, on the outlet side of the test section, 
which is built into the tunnel. Heater and 
cooler batteries are contained in a by-pass 
tunnel through which the air is circulated by a 
324-in. diameter axial-flow fan. The air is 
humidified by steam supplied from a 550-kV 
electrode boiler, the steam being injected into the 
air stream. 

The walls, ceiling and floor of the test chamber 
can be supplied with hot or cold brine at pre- 
determined temperatures to produce radiant 
heating or cooling. The sun effect is produced 
by a battery of electric lamps built into a turret 
above the ceiling of the test chamber, and the 
rain effect is produced by water sprayed through 
ceiling nozzles at varying temperatures and 
pressures. 

All the conditions in the test chamber are set 
and controlled from a remote-control panel in an 
observation room adjacent to the test chamber 
Outside ‘he tunnel. The automatic controllers 
are basically pneumatic, with electro-pneumatic 
converters where necessary. Non-misting win- 
dows are built into part of the tunnel wall. 

The p. nt includes three refrigerating compres- 
SOrs wit’. condensers, brine tanks, pumps and 
motor-g< ‘erator sets, and a large central control 


Panel wv ‘ch contains all the switchgear and 
automat’ control gear. This panel is separate 
from the panel in the observation room, men- 
tioned 2 \ve. The total electrical load is about 
1,550 kV, . 

The fa and test section form a fixed point in 
the tunn structure, but the remainder is free 
to expan or contract, being supported on skids 


sliding on horizontal girders. The greatest 
movement so far observed does not exceed 
half an inch. Insulation for the extreme range 
of temperatures is provided by a covering of 
cork 1 in. to 4 in. in thickness, followed by 7 in. of 
kapok, finished with a 4-in. casing of tongued- 
and-grooved boarding. 


FANS 


The main fan has a maximum rating of 
235,000 cub. ft. of standard air per minute against 
a static pressure of 1-06 in. water gauge. To 
obtain the required speed control, a direct- 
current motor is used, geared to the fan shaft 
through a solenoid-operated gearbox. It is thus 
possible to obtain fan speeds of 300 to 30 r.p.m. 
through a motor speed of 1,000 to 100 r.p.m. 
and from 30 to 3 r.p.m. using the same motor 
speed range and interposing a different gear. 
The motor is controlled by a Ward-Leonard set, 
the output being automatically controlled at its 
set condition. The measurement of air speed 
proved extremely difficult, and it was decided 
that, provided the resistance of the tunnel 
remained substantially constant, the air speed 
would be proportional to the fan speed. Control 
of the motor speed is effected by two tacho- 
generators driven from the motor shaft. The 
results obtained were found to be easily within 
the tolerances required. The by-pass fan, 
with a capacity of 17,000 cub. ft. of air per 
minute, is driven by a direct-current motor 
fed from a smaller Ward-Leonard set. It 
is possible to maintain the by-pass fan at a 
constant duty at all speed ranges of the main fan, 
from the maximum down to 17,000 cub. ft. per 
minute, but from this volume down to the 
minimum, the speed of the by-pass fan is auto- 
matically decreased proportionally to that of the 
main fan. 


COOLERS, MOISTURE CONTROL 
AND AIR HEATER 


The main coolers in the by-pass duct are 
arranged in banks of two, only two working at 
the same time, one of them acting as a sensible- 
heat cooler and the other as a latent-heat cooler. 
The humidistat primarily controls a damper 
which modulates the volume of air passed over 
the sensible-heat cooler or the latent-heat cooler. 
To avoid the uneconomical removal of moisture, 
the temperature of the cold brine serving the 
sensible-heat cooler is automatically controlled 
at a temperature a few degrees below the required 
air temperature, which is normally above the 
dew-point of the air, whereas the latent-heat 
cooler is fed with brine at a constant temperature 
of —15 deg. F. After passing through these two 
coolers, the air is mixed and taken through an 
electric air heater battery and thence back into 
the main air stream. 

Close control of the air heater battery, the 
loading of which is 196 kW, is effected by an 
induction regulator the output of which is, in 
turn, controlled by an automatic temperature 
controller. 


REFRIGERATION 


Three 8 in. by 8 in. quadruple monobloc 
ammonia compressors are installed, each having 
a gross capacity of 320,000 B.Th.U. per hour and 
a guaranteed capacity of 290,000 B.Th.U. per 
hour when running at 400 r.p.m. The motors 
driving the compressors are each of 160 h.p. 
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One evaporator is provided suitable for working 
with the three compressors running simul- 
taneously. 

The three delivery lines from the compressors 
are joined together into one balance pipe which 
is taken to a thaw brine heater, from which 
three separate gas lines are taken to three 
forced-draught evaporative condensers. Any 
compressor can operate in conjunction with any 
condenser. Except when starting up after a 
prolonged rest, the compressors start and stop 
automatically under the control of a thermostat 
in the evaporator. 

Duplicate cooling coils are provided. One 
pair of coolers is in use and at a predetermined 
time the second pair of coolers is automatically 
brought down to the same operating temperature 
as the pair in use. This operation being com- 
pleted, a change-over damper comes into action, 
blanking off the pair of coolers in use and 
exposing the other pair to the air stream. 
The cold brine in the first pair of coolers is 
pumped out into tanks prepared to receive it and 
is replaced with brine which has previously been 
heated by means of a heat interchanger (thaw- 
brine heater) in the refrigerant gas circuit, 
supplemented by immersion heaters in the storage 
tank. This warmed brine then clears the coolers 
of frost. When this is complete the warmed 
brine is pumped back into the reserve tanks and 
replaced again by cold brine. The defrosting 
cycle then shuts down until approximately five 
minutes before the coolers in use are frosted up, 
when the cycle automatically recommences. 

The humidity control initially gave trouble 
due to fluctuation and “ hunting,” particularly 
at the lower temperatures. This arose from the 
fact that, to be completely automatic over a 
wide set of conditions, the whole plant was, of 
necessity, over-large for any duty other than the 
maximum load. It was found impracticable to 
design a valve capable of introducing steam for 
the maximum input to modulate without hunting 
when dealing with smaller requirements. An 
additional entry point for steam was therefore 
provided after the heater in the by-pass duct, 
fed with three valves of 1 in., + in: and } in. 
nominal diameter. Thus, before any particular 
experiment begins, the appropriate size of valve 
is selected which, in effect, provides a coarse 
balance between load and plant output ; there- 
after, the auto-control takes over. 
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ECHO SOUNDER FOR DETECTION 
OF FISH SHOALS 


Cathode-Ray Tube as Visual Aid 


Kelvin and Hughes, Limited, Barkingside, 
Essex, who were pioneers of echo sounding for 
navigation, have recently introduced a new form 
of echo sounder for the fishing industry in which 
the presence of a shoal of fish can be seen on the 
screen of a _ cathode-ray oscillograph. The 
complete equipment, to which the name “ King- 
fisher” has been applied, incorporates an 
electrolytic recorder which can be operated 
independently of, or in conjunction with, a 
cathode-ray tube viewing unit. 

The recorder produces a continuous and per- 
manent record of depth on which traces of fish 
shoals between the ship’s bottom and the sea 
bed, at depths down to 240 fathoms, can be seen. 
The recorded traces can be used to assess the 
depth of the shoal, its thickness and its density. 
The cathode-ray tube viewing unit can be 
brought into use to give an enlarged visual 
presentation on the screen of a layer of water at 
15, 10 or 5 fathoms beneath the ship, fish traces 
appearing as luminous flashes, If required, the 
scale of the presentation can be expanded so that 
a depth of one fathom corresponds to a length 
of one inch on the screen. 





Dielectric welder : welding unit on the left and generator on the right. 
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The electrodes are used 


for welding pockets in plastic raincoats. 


WELDING PLASTIC 
MATERIALS 


Dielectric Heater for Clothing 


Manufacturers 


The extent to which manufacturers of raincoats 
and similar products are now using plastic 
sheeting for their material has created the need 
for different manufacturing techniques. All too 
often, the purchaser of a plastic garment has 
found that a line of stitching has failed due to 
the perforations. 

However, the ease and rapidity with which the 
material can be welded has commended it 
to manufacturers, and radio-frequency sealing 
has completely replaced stitching and other 
techniques in many factories. It is basically the 
same as any other form of dielectric heating, and 
differs only in that the heating is concentrated in 
a small area and thus raises the temperature of 
the material to fusing point. 

Whereas the stitching of a seam tends to form 
a weak joint by reason of the series of perfora- 
tions, the welded joint is the strongest which can 


be made, its strength being limited only by that 
of the surrounding material. 

Many different types of welds can be made, 
ranging from “ spotting” to long continuous 
seams. In the former case the weld is made by 
bringing an electrode down into contact with the 
material and applying the heat for the requisite 
time. The size of the spot-weld will, of course, be 
the cross-section of the electrode at the point of 
contact. Pressure is maintained while the 
material fuses and, on release of the electrode, 
the spot is cooled by the surrounding material 
and the air. Like so many dielectric applications, 
use of the built-in process-timer makes the whole 
operation automatic and foolproof. With a 
welding time of only a few seconds, a series of 
spots can rapidly be run off. Where a continuous 
seam is preferred it can be just as easily arranged. 

The Metropolitan-Vickers Electrical Company, 
Limited, manufacture the plastic welder shown 
in the illustration. It is a 1-kW machine for 
seam-welding plastic materials in a_ single 
operation. It is designed to cater for a greater 
variety of applications than previous machines. 
Up to two feet of straight seam can be welded 
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in about three seconds and electrodes c:1 be 
supplied for any contours, such as those n :eded 
for the welding of pockets. 

The equipment is completely automa: c jn 
operation, the welding cycle being pre-set | y the 
process-timer. The electrodes are self-al. :ning 
and the machine is fully protected against n-isuse. 
The welding times or voltage cannot be <itered 
except with a special key which can be kcpt in 
the possession of a supervisor. 
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INTEGRAL PUMP WITH 
REMOVABLE STATOR 


The pump shown below is one of an extensive 
range of integral centrifugal pumps recently 
introduced by Sigmund Pumps, Limited, Ter- 
minal House, Grosvenor-gardens, London, 
S.W.1, whose head office and works are at 
Team Valley, Gateshead, 11. The pump, it will 
be seen, is overhung from the motor frame and 
is driven by a single shaft on which both the 
impeller and the rotor are mounted. 

A special feature of the design is that the 
motor frame is divided circumferentially and 
arranged so that the part carrying the stator 
windings can be withdrawn longitudinally after 
disconnecting the leads from the terminal box 
and removing the nuts from four long studs 
thus leaving the rotor open for inspection, as will 
be clear from one of the illustrations. The motor 
is of the three-phase squirrel-cage type so that 
there are no electrical connections to the rotor 
to impede the removal of the windings. It 
should be noted that the removable part of the 
stator can be easily and quickly replaced if neces- 
sary as these parts are kept in stock at the works, 

The shaft runs in two ball bearings, a light one 
at the outer end and a heavy one at the pump 
end, and inside the motor frame at the pump 
end is a centrifugal fan which draws air over the 
windings and between the windings and the rotor. 
The air inlet can be distinguished on the left 
in the first illustration, but the outlet, which is 
between the feet of the motor frame, cannot be 
seen. Some of the air also passes out round the 
main bearing and, in addition to cooling the 
bearing, has the effect of preventing the entry of 
any liquid into the housing. 

The initial range of these pumps, to which 
the name PumPax has been applied, includes 
units of from 14 to 15 h.p., running at either 
1,450 or 2,900 r.p.m., with capacities up to 
500 gallons per minute and for heads up to 175 ft. 
The standard pumps are of cast-iron construc- 
tion with bronze fittings, but they can also be 
supplied with cast-iron casings and bronze 
impellers, or with all-bronze hydraulic parts ; 
certain types can be supplied with stainless-steel 
hydraulic parts. Thus practically all normal 
requirements can be met. 


The stator windings of this integral pump can be withdrawn readily so as to expose the rotor for inspection. 
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1 TON SELF-PROPELLED 
CRANE 


Advantages of Battery Operation 
in Factories 


Because of the very high fire risk in a factory 
where paper, fabric, resins, methylated spirit and 
other inflammable materials are being used, two 
battery-operated self-propelled cranes have been 
put into service. The absence of noise and 
fumes of the electric vehicles, enhanced by the 
absence of a trailing cable in this case, was an 
additional factor favouring their selection. 
These two cranes, designed by Steels Engineering 
Products, Limited, Crown Works, Sunderland, 
are fitted with 15-ft. cantilever jibs. They can 
slew through 360 deg. in either direction and 
travel with loads ranging from 7} cwt. at the 
maximum radius of 15 ft. to 1 ton at 8 ft. 

Each crane has four motions — hoisting, 
derricking, slewing and travelling - operated by 
separate electric motors. These, with the excep- 
tion of the travel motor mounted on the four- 
wheeled chassis, are housed in the fully-enclosed 
rotating superstructure, together with the battery 
and control gear. 

The hoisting motion is driven by a 13-h.p. 
vertically-mounted motor through a worm 
reduction gear. A grooved steel hoist barrel, on 
which a 1-in. plough-steel rope is coiled in one 
lap, is splined to a self-aligning slow-speed 
shaft and a two-fall rope reeving layout is 
employed. The motor, controlled by an electro- 
magnetic brake and self-resetting limit switches, 
hoists the maximum load of 1 ton at a speed of 
35 ft. per minute. The derricking gear for the 
jib is of basically similar construction ;_ the 
slow-speed shaft, however, carries two sheaves 
and a rope anchor in addition to the grooved 
steel derrick barrel, and a six-fall rope reeving 
system has been used — the rope passing from the 
barrel, round the jib and barrel sheaves and 
back to the anchor. The third 12-h.p. motor, 
also fitted with an electromagnetic brake, slews 
the superstructure on a live ring of steel rollers 
by driving a vertical worm reduction gear through 
a propeller shaft and a special slipping clutch 
which absorbs shocks on starting and stopping. 
A pinion at the bottom of the wormwheel shaft 
engages with a machine-cut internal rack 
mounted in the slewing base on the chassis. 

The 80-volt 6-h.p. electric travel motor is 
connected by a propeller shaft to a differential 
with a reversible worm and wheel on the fully- 
floating rear axle. The maximum road speeds 
are 4 to 5 m.p.h. unloaded and 3 to 4 m.p.h. 
loaded. The steering, working on the Ackerman 
principle, incorporates an automatic reversing 
gear which allows normal operation of the 
steering wheel irrespective of the jib’s position. 

The method of control is extremely simple. 
The battery, with a capacity of 192 ampere- 
hours, consists of 40 Exide Ironclad cells made 
by Chicride Batteries, Limited, Clifton Junction, 
near Manchester. It is arranged in two 40-volt 
sections, the two halves being connected in 
parallel for the hoist, derrick and slew motors 
and for the first and second travel speed positions, 
but, for travel positions 3 and 4, they are con- 
nected ir series to provide 80 volts, enabling the 
travel motor to develop full power. 

The hist, derrick and slew motors are wired 
through he travel controller which disconnects 
the supp , to these motors when third or fourth 
travel sp.cds are in use. With an overall length 


i travel’ ig order of 19 ft. 6 in. and a track of 
4 ft. 6 i ., the cranes have a clearance height 
(With th: jib horizontal) of 8 ft. 9 in. and a 
chassis t\. ning circle of 20 ft. The approximate 
unladen . cight is 5 tons. 


GLANDS FOR 
ELECTRIC CABLES 


Designs for Lead and 
Aluminium Sheathed Types 


The cable glands now being manufactured under 
licence by H. Dunning and Company (1946), 
Limited, Stamford-road, Audenshaw, near 
Manchester, are made of high-purity zinc 
alloy, cast iron, brass or mild steel. They are 
specially suitable for use on aluminium-sheathed 
cable, as the washer is also of aluminium and 
there is no electrolytic action. On the other 
hand, when employed on lead-sheathed cable 
no “ wiping” is required and the cone washer 
is pre-centred so that it can be drilled to size on 
site. The armouring of the cable and the joints 
themselves are totally enclosed and, as the area 
of the gland is reduced to a minimum, the 
arrangement is very compact. The standard 
range of sizes covers external diameters up to 
2 in. and they are intended for use on voltages 
up to 660. 

Installation is simple, it being only necessary 
to remove the serving for a distance of 2 or 3 in. 
beyond that required to expose the cores and 
then to cut off the armouring wires evenly, leaving 
about 14 in. bare for clamping. The nut and 
copper ring, which form part of the gland, are next 
placed over the armour and an adaptor is fitted 
over the laid-up cores. This adaptor is provided 
with a spigot over which the armour wires are 
splayed and with a nut which, when tightened, 
forces the copper ring over the armour. A 
positive permanent grip is thus obtained as the 
ring expands to accommodate various sizes of 
armouring. In the case of lead-sheathed, 
polyvinyl chloride or rubber-insulated cables, 
this procedure is modified by compressing a lead, 
hard rubber or ebonite cone on to the sheathing. 

The gland and box can be sealed in the usual 
way; or, when polyvinyl chloride cables are 
being employed, plastic compound can be 
injected by a pressure gun. In this case the 
filling need not be disturbed when the gland 
has to be disconnected. Running couplings 
can be fitted to all glands and sealing boxes. 

A tensile test, conducted in accordance with 
British Standard Specification No. 542: 1947, 
on a gland of this type intended for a rubber- 
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insulated lead-sheathed and wire-armoured 
cable, showed that when a load up to 1,008 Ib. 
was slowly applied, no perceptible extension in 
length took place. At 1,120 lb. there was an 
extension of 4 in., which increased to & in. 
at 1,344 lb., while at 1,456 Ib. continuous slip 
occurred, until the cable pulled out of one 
fitting. The glands therefore comply with the 
clause in the specification dealing with slip. 
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PROPOSED COURSES IN 
TOOL TECHNOLOGY 


Two full-time day courses in tool technology, 
as it applies to the horological, instrument 
and light engineering industries, are under con- 
sideration at the National College of Horology 
and Instrument Technology, in consultation 
with the Gauge and Tool Makers’ Association. 
It is proposed that both courses should com- 
mence in September, 1954. They are each 
designed to run for two academic years, from 
October to July. They have been approved 
**in principle” by the Ministry of Education, 
and are designed to meet the needs of apprentices 
and others who have reached a specified stage in 
a National Certificate course. 

Applicants for the junior course, leading to a 
certificate in tool technology, must have obtained 
a second-year pass in an Ordinary National 
Certificate course in mechanical engineering, 
while entrants for the senior course, leading to a 
diploma in tool technology, must have qualified 
for the Ordinary National Certificate in mechani- 
cal engineering. In both courses, subjects have 
been included which will enable students to 
continue their basic engineering studies. 

As an alternative to these courses, the institu- 
tion of a shorter course in this branch of engineer- 
ing would be considered by the College authori- 
ties, if sufficient support is forthcoming from 
industry. Such a course would last for one 
year, October to July, and instruction would be 
provided only in subjects directly related to 
tool technology. Entrants would be expected 
to have reached the Ordinary National Certi- 
ficate standard, and to have some toolmaking or 
equivalent experience. 

Fees for any of these courses would be 
£62 10s. per annum, but it is probable that 
students sponsored by industry would have 
their fees remitted by the Ministry of Education. 
Further information may be obtained from the 
College, St. John-street, London, E.C.1. 
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Battery-operated self-propelled 1-ton crane. With the absence of noise, fumes and trailing cable, 
these cranes are useful in factories. 
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CLEARING SLUDGE IN 
FUEL-OIL TANKS 


Shut-down Avoided 


Clearing sludge from fuel-oil tanks by hand is 
a laborious task, and means that the tank must 
be out of commission. 

Recently, at a London store, it was found that 
34 tons of sludge had collected in a 15-ton storage 
tank. The practice had been to fill the tank to 
the 12-ton level, use the main suction till this 
became blocked, and then the auxiliary suction. 
The latter would choke at about the 34-ton 
level, when the tank would be refilled up to the 
12-ton mark. It was eventually decided to try 
and clear the sludge by means of chemicals to 
avoid having to shut down part of the central 
heating plant which the tank supplied. 

Xzit (Great Britain), Limited, 175, Piccadilly, 
London, W.1, used their chemical solvent 
“Vantri” together with “S.S.R.” (soot and 
sludge remover) to disperse the sludge, and the 
dispersion, mixing with the fuel oil, was burnt 
in the furnaces. Two additions of Vantri and 
S.S.R. were made, and after the first it was found 
that suction could be maintained down to the 
2-ton level. The tank was refilled to the 12-ton 
mark when the second addition was made. After 
four weeks, the main suction was clear and nine 
days later the tank was again filled. After seven 
weeks, and without any further additions, the 
tank was in use to well below the 1-ton level with 
both main and auxiliary suctions clear. In order 
to prevent any future sludge formation, it was 
recommended that one gallon of S.S.R. should 
be added to every 2,000 gallons of fuel. The 
total operation of clearing the tank was thus 
spread over seven weeks, but the cost was less 
than the estimate for doing it by hand. 
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TRIAL RUNS OF 2,500-H.P. 
ELECTRIC LOCOMOTIVE 


The first of seven electric locomotives of 
2,500 h.p. being built for the Manchester- 
Sheffield-Wath electrification scheme has recently 
started its trial runs between Dukinfield and 
Crowden. The mechanical parts of these loco- 
motives, which will haul both freight and passen- 
ger trains, are being built at the Gorton works of 
British Railways (Eastern Region), while the 
electrical equipment is being supplied and erected 
by Metropolitan-Vickers Electrica! Company, 
Limited, Manchester. 

The total weight of each locomotive is over 
100 tons, and the bodies, which house the electro- 
pneumatic control equipment, starting resistances 
and auxiliaries, are mounted on two three-axle 
bogies, each of which is driven by three 415-h.p. 
motors. The locomotives are fitted with regen- 
erative braking and with electrically-heated 
boilers for warming the passenger trains. 
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BRITISH SPORTS CAR FOR 
AMERICAN MARKET 


About twelve months ago, the Swallow Coach 
Building Company ‘1935), Limited, The Airport, 
Walsall, Staffordshire, started to design a new 
sports car specially for the American market. 
Small-scale production of the new vehicle, the 
Swallow Doretti, has now begun, and equipment 
is being installed for manufacturing the car in 
substantial numbers. The Doretti is a two-seater 
sports car having a maximum speed of over 
100 m.p.h. It has a tubular chassis and a body 
of the double-skin type, the inner skin being 
pierced for lightness. The power unit is a 
Triumph “ Sports ’’ engine, developing 90 b.h.p. 
and the gearbox, rear axle and suspension units 
are also of Triumph manufacture. 
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FIRE-FLOAT FOR HONG KONG 
HYDRAULICALLY-OPERATED TELESCOPIC TOWER 


The fire-float‘‘ Alexander Grantham,” illustrated 
above, is capable of delivering 2,800 tons of 
water an hour at a pressure of 90 Ib. per square 
inch. It is a recent addition to the equipment 
of the Hong Kong fire brigade. 

The Alexander Grantham was designed by the 
Marine Department of the Hong Kong Govern- 
ment and has a length, at the water-line, of 120 ft. 
It has an overall length of 126 ft., a moulded 
breadth of 29 ft., a moulded depth of 13 ft. and 
a draught of 7 ft. 9 in., when fully loaded. The 
builders were the Hong Kong and Whampoa 
Dock Company, Limited, of Hong Kong, and, 
except for specialised equipment, most of the 
material and all the labour used on her was from 
local sources. 


DIESEL ENGINES 


Five Paxman Diesel engines each rated at 
400 h.p. at 1,100 r.p.m. are installed. The 
engines are of the ** V-12 ” type with the cylinders 
arranged in two banks of six, and to each engine 
is coupled a Merryweather centrifugal four-stage 
marine-type fire and salvage pump. 

Two engines, together with their respective 
fire-pumps, are located in the main engine-room, 
and are so arranged that they can be used either 
for driving the twin propellers or for driving 
the pumps, the alternative drive being through 
permanently meshed gear-trains supplied by 
Modern Wheel Drive, Limited, Chesham. This 
arrangement in the main engine-room permits 
the propelling machinery to be used for pumping 
when necessary, or to give a speed of 12 knots, 
therehy enabling the vessel quickly to move to 
any part of the harbour and command the wide 
stretch of dock-side buildings and visiting 
shipping. 

The remaining three engines and fire-pumps 
are situated in the pump room adjoining the 
engine-room, there being no connection between 
these engines and the propellers. The combined 
output of the five Merryweather pumps is 2,100 
tons of water an hour at a delivery pressure of 
180 Ib. per square inch, when running at 1,000 
revolutions a minute and demanding 376 h.p. 
from each engine. At 700 revolutions a minute, 
the output is 2,800 tons of water an hour at a 


delivery pressure of 90 Ib. per square inch, which 
demands 275 h.p. from each engine. 


MONITORS AND EQUIPMENT 


A feature of the monitor installation is the 
hydraulically-operated telescopic tower on which 
is mounted a 5-in. monitor at an extended height 
of about 60 ft. above the water-line, which 
enables this fire-float to deliver a large quantity 
of water direct on to the uppermost deck of the 
largest passenger liners calling at Hong Kong. 
In addition, there is a 4-in. monitor situated on 
the raised deck aft and six smaller monitors dis- 
posed about the fire-deck. 

The vessel is provided with 12 hose connections 
and over 2,000 ft. of 23 to 4 in. hose together 
with direction nozzles and Merryweather fire- 
break spray nozzles for the special purposes of 
preventing the spreading of a fire. The length 
of hose carried and the number of connections 
provided enables a fire to be fought at a con- 
siderable distance from the waterfront. Six 
swivelling suction heads are arranged on the 
fire-deck to take 6 in. diameter rubber suction 
hose, of which 300 ft. is carried, to enable water 
to be pumped out of a vessel after a fire has 
been extinguished. To deal with oil fires, four 
Pyrene foam generators are fitted in the pump- 
room and are capable of producing foam for 
30 minutes, during which period 150,000 gallons 
are ejected from monitors, hoses and nozzles, or 
two foam pourers designed for dealing with 
burning oil on the water. 

Other equipment includes oxy-acetylene cutting 
tools capable of cutting through steel up to 4 in. 
thick, drilling machines, circular saws, com- 
pressors, boarding ladders, scrambling nets and 
associated first-aid equipment, which includes 4 
dispensary and a first-aid room. 

Both the propulsion and the pumping engines 
are controlled by telegraph from the bridge. 
Also provided are a comprehensive intercom: 
munication telephone system, and a loud-hailer 
system for the effective dissemination of instruc- 
tions from the bridge. A ship-to-shore wireless 
telephone is also fitted, and, to facilitate fire 
fighting at night, searchlights are mount«d on the 
bridge. 
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FROFILING AND 


MILLING 
DIE-SINKING 


Hydraulic tracer equipment, automatic feeds and 
a slotting attachment are features added recently 
toa turret milling machine made by Midgley and 
Sutcliffe, Limited, Hillidge Works, Hunslet, 
Leeds, 10. Developed for their ‘‘ Hyspeedmil,” 
this tool can be supplied in three forms: one 
with hand adjustment in all directions ; a second 
with automatic longitudinal feed and a third with 
automatic reversible longitudinal, and automatic 
cross feeds. By means of a Boeckeler optical 
follower, which can be fitted, the machine may be 
converted into a high-precision jig borer. 

Controlled die sinking and profile milling have 
been brought within the scope of this machine by 
the introduction of the Hayes hydraulic copying 
attachment shown in the illustrations. The 
tracer unit is fitted to the Hyspeedmil head and a 
hydraulic control cylinder, working in conjunc- 
tion with it, is fixed to the vertical knee. Normal 
and copy milling can be performed successively 
without removing the work from the table, as is 
frequently required in the making of dies and 
moulds. For-ordinary milling the copying unit 
may be easily detached from the head of the 
machine. Models or templates are suitable for 
use as masters with this device, and the close-up 
picture illustrates the type of work that can be 
duplicated by means of it. 

The Hyspeedmil head can be rotated through 
360 deg. in a vertical plane on the bar and set to 
within 5 minutes of arc by means of a Vernier 
dynometer. A turret bar of large diameter 
carries the head and is secured in the turret by 
means of two pad bolts ; when these are loosened 
the bar may slide in its mountings. The turret 


can be turned through a complete circle and 


firmly clamped to the body by means of four 
bolts. 


A copying : ‘tachment incorporated in this turret 

; Mac ine can be seen to the right of the 

— ad. It works in conjunction with 

hydraulic control cylinder situated below the 
knee. 


SLOTTING ON A 


MACHINE 
BY COPYING 


On the opposite end of the turret bar to the 
vertical head can be mounted a slotting attach- 
ment and this may be used to machine such 
details as square corners on a mould. It is 
brought into position by revolving the turret, 
and may be set to any angle. 

The slotting device is motor driven through 
three-step cones and a V-belt to a worm and 
pinion. It has a fixed stroke of two inches and 
can yperate at speeds of 45, 75 and 120 strokes 
per minute. Alterations in speed are effected by 
changing the position of the belt. Easy access 
to the step-cones and belt is provided by a hinged 
cover which, like the pulleys, is made of 
aluminium. The motor is mounted in a similar 
manner to the one on the Hyspeedmil so that 
tension can be easily adjusted. The ram is 
designed to accommodate tools up to 4 in. 
square or round sections. 

A further modification to the original turret 
machine is automatic longitudinal feed which is 
operated by the self-contained unit shown at the 
right-hand end of the table. There are six rates 
of feed, ranging from } in. to 12 in. per minute, 
and power is supplied by a 4-h.p. motor running 
at 1,000 r.p.m. The feeds are controlled by a 
knob and lever and the rates read directly from 
a dial. The direction of feed is selected by 
means of a lever and the feed can be disengaged 
automatically by adjustable trip collars attached 
to the control bar along the front of the table. 

The maximum length of feed is 20 in. The 
overall and working surface of the table is 39 in. 
by 9 in. and there is a cross hand feed of 9 in. 
The full height of the spindle above the table is 
17 in. and a vertical knee adjustment of 14 in. is 
possible. A measuring attachment for locating 
noles to very close tolerances is provided as 
supplementary equipment. 
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SUSPENSION OF PORTABLE 
WELDING AND RIVETING 
EQUIPMENT 


To reduce the time spent in welding, riveting, 
and dimpling operations, a counter-poised uni- 
versally jointed device has been designed by 
Mr. F. Rankin, assistant works engineer at 
Short Brothers and Harland Limited, Queen’s 





Detailed moulds can be reproduced by means of 
the hydraulic copying equipment shown at the 
right of this illustration. 
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Spot welding equipment suspended in this way has 
an angular movement in the horizontal and vertical 
planes of 360 deg. 


Island, Belfast, and is now in use in the com- 
pany’s workshops resulting, it is claimed, in a 
time reduction of up to 50 per cent. in riveting or 
welding curved surfaces. 

The accompanying illustration shows the 
suspension, which is suitable for any shape or 
size of yoke, equipped for spot welding. The 
counterpoise for vertical movement and the 
supporting gantry, which permits horizontal 
movement from side to side, are not shown. 
Several rows of spot welds can be put in by 
backwards or forwards movement of the suspen- 
sion and yoke; greater fore-and-aft distances are 
obtained by moving the work trolley. A vertical 
motion on the support trolley ensures that the 
spot welder is always attacking the job at the 
best operating level. 

The universal joint at the lower end of the 
suspension arm permits 360-deg. movement both 
in the horizontal and vertica! planes. 

The equipment includes a pneumatic cylinder 
for opening and closing the jaws, and is provided 
with handles for facilitating the movement of a 
heavy yoke. Owing to the counterpoise, the 
ball bearing at the upper end of the suspension 
arm, and the effectiveness of the universal joint, 
the yoke and electrodes can be moved at a 
touch. The arms of a heavy yoke can be made 
to balance each other, and thus have no ten- 
dency to rotate. 


x x © 


V-BELT OF ADJUSTABLE 
LENGTH 


A multi-ply leather V-belt, the length and 
tension of which may be adjusted, has recently 
been marketed by the makers, Carol Beltings, 
Limited, 12, Grays Inn-road, London, W.C.1. 
Known as the ‘‘ Adjusticon,” this belt has flush 
unbroken driving faces and is reinforced through- 
out its length by stainless tubular metal eyelets. 
By means of these eyelets, which serve also to 
ventilate the belt and clamp the plies together, 
and a U-shaped fastener, the length of the belt 
may be adjusted. The fastener is held in place 
by a steel spring plate. 

The fastening, which can only be released by 
manipulation, is such that the belt retains its 
flexibility and resilience and, since no metal 
parts come in contact with the pulley groove, 
transmission is silent. The Adjusticon belt is 
produced in three sizes, with coil lengths of 
25 ft., 50 ft., or 100 ft. With each coil, from 
which any length of belt may be cut, an appro- 
priate fastener is supplied. 
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NICKEL FOR ELECTRONIC 
APPLICATIONS 


Alloys in Strip, Tape and Wire 
Form 


Wrought commercially-pure nickel and special 
manganese-nickel alloys are used widely for 
electrodes and other components of valves in 
radio and television apparatus and in transmitting 
valves and special types of valves developed for 
radar equipment. Loosely known as “ pure” 
nickel, there are in fact many grades of these 
materials available in which special physical 
properties have been developed by variations in 
production techniques or by relatively small 
additions of other elements. Two new grades of 
nickel have recently been placed on the market 
by Henry Wiggin and Company, Limited, 
Wiggin-street, Birmingham, 16, manufacturers of 
high-grade nickel alloys in wrought form. The 
first is designated “‘ H.P.A.” nickel ; it is a very 
pure grade of nickel with a minimum content of 
99-5 per cent. and is available in the form of 
strip, tape and wire. It is specially recom- 
mended for components of valves operating at 
high temperatures where the evaporation of 
volatile elements such as magnesium cannot be 
tolerated. It is also stated to be useful for the 
cathodes of valves which must have a very long 
life while delivering only low emission current. 
The second grade, ‘* H.P.B.” nickel, has also a 
minimum content of 99-5 per cent. of nickel ; it 
is intended primarily as a material for cathodes 
where the sublimation of magnesium must not 
take place owing to the very small distances 
between electrodes, or where the operating tem- 
perature of the cathode is higher than usual and 
leads to excessive evaporation of magnesium from 
the cathode. The high silicon content of the 
material (0-15 to 0-25 per cent.) ensures ready 
activation and good emission. It is pointed out that 
care must be exercised in the running of valves 
with H.P.B. nickel since the high-silicon content 
can result in the build-up of high interface 
impedances between the cathode sleeve and the 
coating material under certain conditions, 


x k * 


DUST NUISANCE FROM POWER 
STATION 


The Newcastle-on-Tyne City Council are being 
recommended by their health committee to take 
legal proceedings against the British Electricity 
Authority to obviate the nuisance caused by 
dust from Dunston Power Station. For some 
months complaints have been made regarding a 
grey dust which settles on property in the west 
end of Newcastle. The Authority have stated 
that they are doing all that they can to remove 
the nuisance, but the health committee have been 
informed that complaints are still being received 
on the subject. 


xk * 


SBS ADJUSTABLE-WING 
RESEARCH AIRCRAFT 


The SB5 adjustable-wing research aircraft, 
designed and constructed by Short Brothers and 
Harland, Limited, Queen’s Island, Belfast, has 
recently flown for the first time with the tailplane 
carried below the fuselage. Hitherto, the tail- 
plane has been mounted at the top of the fin. 
The present programme of tests is to investigate 
the effect of tail design on the behaviour of a 
swept-back wing aircraft. Later, the aircraft will 
carry Out a series of tests with its wings swept 
back to 69 deg., believed to be the highest degree 
of sweep-back yet incorporated in an aircraft. 
Up to the present, sweep-backs of 50 deg. and 
60 deg. have been flight tested. 
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SLANT HAULAGE PLANT WITH 


DYNAMIC 


BRAKING 


A.C. DRIVE REPLACES STEAM ENGINE 


The slant haulage at Pantyffynnon Colliery, near 
Ammanford in South Wales, is 1,000 yards long 
with gradients ranging from 1 in 2-1 to 1 in 5-5. 
The normal duty cycle provides for seven 
ourneys per hour at a maximum speed of 12-5 
m.p.h., and under these conditions 475 tons of 
coal are raised in an eight-hour shift, the maxi- 
mum load comprising 11 trams with a total 
deadweight of 17 tons. When used for couvey- 
ing men, the maximum speed is limited to 
6°25 m.p.h. Until recently this haulage was 
driven by a reciprocating steam engine, but in 
the interest of fuel economy this has now been 
replaced by an electric motor, which drives the 
original winder drum through reduction gearing. 

In addition to the main motor, which is a 
3-3-kV_ reversible slip-ring machine of the 
screen-protected type with a rating of 700 h.p. 
at 365 r.p.m., there is a motor-generator set, 
consisting of a 32-h.p. 220-volt induction motor, 
which is direct coupled to a 20-kW main exciter 
and to a pilot exciter. There are also two 
220-volt motors which drive the assister gear and 
the electrolyte pumps for the liquid controller. 
All this equipment, together with the control 
gear described below, was manufactured by the 
General Electric Company, Limited, Kingsway, 
London, W.C.2. The haulage motor is illus- 
trated in Fig. 2. 


LIQUID CONTROLLER 

The main switchgear consists of an oil circuit- 
breaker with a rating of 75 MVA and air-break 
isolators for controlling the supply to the haulage 
motor. There is also a stator reverser of the air- 
break type with sections for forward and reverse 
winding and for dynamic braking. This reverser, 
which is illustrated in Fig. 1, is electrically 
operated and is fitted with interlocks to prevent 
the forward and reverse or dynamic braking 
contactors being closed simultaneously, and to 
ensure that the arc is completely cleared before 
the next switching operation is carried out. 
Speed adjustment is effected by a liquid controller 


with a continuous dissipation of 250 h.p., in 
which the moving electrodes form a weir for 
retaining or releasing the electrolyte in three 
insulated chambers. The electrolyte is pumped 
from a lower compartment into a common 
header from which all three electrode chambers 
are supplied. 

The liquid controller is illustrated in Fig, 3, 
It is operated by an oil servo-motor which also 
determines the rate at which the electrodes are 
accelerated and consequently the acceleration of 
the haulage motor. This unit consists of a fixed 
piston and a moving cylinder, the latter carry- 
ing a toothed rack. This rack engages with a 
quadrant to which the lever operating the con- 
troller is connected. The unit also co-ordinates 
the rotor resistance with the excitation during 
dynamic braking. 

There is an air-break isolator on the 3-3-kV 
switchboard for the auxiliary transformer. 

Control is effected by one lever at the driver's 
position which operates in an H-gate. When 
this lever is in the neutral position movement to 
the left energises the appropriate contacts in a 
master controller for forward winding and 
dynamic braking ; while on moving the lever 


Fig. 2 700-h.p. 3-3-kV slip-ring induction motor driving main haulage at Pantyffynnon ‘ olliery. 
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forward the appropriate stator contacts are 
closed, so that the haulage motor accelerates at 
a rate determined by the servo motor. This 
acceleration continues until a speed which is 
fixed by the position of the lever has been 
reached, the rate at which the rotor resistance is 
cut out being determined by the servo motor. 

Where the control lever is moved backwards 
from the neutral position the stator of the haulage 
motor is disconnected from the 3-3-kV supply 
and one phase of its winding is connected to the 
direct-current supply from the motor-generator. 
Dynamic braking is then applied to an extent 
determined by the position of the control lever, 
which is mechanically coupled to the dynamic- 
braking regulator. 

Similarly, when the control lever is in the 
neutral position and is moved to the right the 
master controller contacts for reverse winding 
and dynamic braking are energised, and a 
backward movement of the lever then causes the 
motor to accelerate in the reverse direction, 
while a forward movement applies the dynamic 
braking. 


MASTER CONTROLLER 


The master controller is mounted in the control 
unit. This unit incorporates discriminating 
back-out switches, which can be operated by a 
knob, as well as an emergency stop push-button 
and a man/coal switch for setting the appropriate 
overspeed trip. The overspeed tripping circuit 
includes a relay which operates in conjunction 
with a tacho-generator that is coupled to the 
haulage motor. This relay has two ranges which 
are automatically selected by the man/coal 
switch on the control desk and enables a maxi- 
mum speed of 6-25 m.p.h. to be used for men 
or of 12-5 m.p.h. for coal. This switch also 
controls the limit switches, which are installed 
at the separate decking levels used for these 
purposes. Interlocking devices such as are 
usually provided on electric haulages are in- 
cluded. 

The motor driving the motor-generator set is 
provided with a star-delta starter, but the other 
auxiliary drives are equipped with direct-to-line 
contactor starters. 





Fig. 3 
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AIR-BREAK CONTACTOR 
FOR MINES 


Flameproof and Intrinsically 
Safe 
The mining gate-end box, of which an illustration 
is given herewith, has been designed by the Metro- 
politan-Vickers Electrical Company, Limited, 
Trafford Park, Manchester, 17, to comply with 
the National Coal Board’s standard specification 
No. P3/1950. It is intended for the direct-on 
starting of squirrel-cage motors with outputs up 
to 60 h.p. at 650 volts, such as are used for 
driving coal-cutters, conveyors, loaders and 
similar equipment. It is certified flameproof and 
is provided with a low-voltage pilot control 
circuit and an earth leakage lock-out circuit, 
both of which are of the intrinsically-safe type. 

The unit is mounted on skids and consists of 
a welded-steel enclosure which is divided by a 
flameproof barrier into two compartments. 
The upper compartment contains a set of three- 
phase 300-ampere *bus-bars and a triple-pole 
on-load reversing isolator, which can be locked 
in the “ off” position. There is also a mecha- 
nical interlock which prevents the cover of the 
lower compartment from being removed unless 
the isolator is “ off.” 

The lower compartment contains a framework, 
which is mounted on slide rails and carries the 
main components of the box. This framework 
can be partly withdrawn from the case for normal 
maintenance without disconnecting the con- 
ductors, or completely withdrawn for major 
overhaul after disconnection of the main leads. 

The electrical equipment comprises a triple- 
pole contactor with an arc splitter on each pole, 
which has been specially designed for mining 
service. It is electrically interlocked with the 
isolating switch. A checking device is provided 
to prevent the latter from being moved too quickly 
from forward to reverse, so that in normal 
circumstances the load on the contactor is 
broken by an auxiliary switch. In addition, 
there is a voltage transformer with six primary 
tappings from which a supply can be given at 
550 volts to the contactor-coil circuit, at 25 volts 


ce PT A 


iquid controller and assister gear for the haulage motor at Pantyffynnon Colliery, where 
ating-current system with dynamic braking has replaced the steam engine previously 


used for slant haulage. 
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Air-break contactor with main components drawn 
forward on slide rails. 


to the earth fault lock-out circuit and at 7:5 
volts to the remote-control circuit. 

In addition to the usual undervoltage and over- 
load protection, there are earth-fault protection 
and an earth-fault lock-out circuit. The earth- 
fault protection equipment consists of a core- 
balance transformer of the ring type, the secon- 
dary of whichis connectedtoarelay. A normally 
closed contact on this relay is in the pilot control 
circuit ; while a second contact, which is normally 
open, is in a signal lamp circuit the latter 
being supplied from the voltage transformer. 
Under healthy circuit conditions no current 
flows in the relay, but on the occurrence of a 
fault the closed contact opens, thus de-energising 
the pilot control relay and opening the contactor. 


EARTH-FAULT LOCK-OUT 
CIRCUIT 

An earth-fault lock-out circuit, which has 
been certified as intrinsically safe by the Ministry 
of Fuel and Power, prevents the unit from 
being operated if a fault to earth occurs. It 
consists of a relay energised by a circuit which 
includes the fault so that the pilot relay and 
line contactor are tripped. This lock-out can 
only be released by removing the fault. The 
lock-out circuit also operates if a fault occurs 
when the unit is not in use, thus preventing the 
contactor from being closed on a fault. 

A further circuit, which has also been certified 
as intrinsically safe, enables the unit to be remote- 
controlled and prevents its operation if the pilot 
core, or the earth return between the motor, 
remote-control switch and the unit, develop a 
high resistance fault. It also prevents the plugs 
from being withdrawn when the circuit is under 
a power voltage. It is supplied with unidirec- 
tional half-wave current and includes a relay. 
The operating coil of this relay and a closed-circuit 
secondary are wound on the same core and, if a 
break or short-circuit occurs in the pilot circuit, 
this secondary absorbs as much of the energy re- 
leased as is necessary to reduce sparking to a safe 
level. When the unit is alive a current of lower 
value than the operating current is passed in a 
reverse direction through the pilot relay. This 
makes the circuit highly sensitive to changes of 
resistance in the earth return and pilot core 
while it remains insensitive to voltage changes. 

Pilot/earth core protection is obtained by 
connecting a half-wave rectifier at the far end of 
the trailing cable so that if a short-circuit occurs 
between the pilot and earth cores the corre- 
sponding rectifier in the master switch is short- 
circuited and the contactor coil circuit opened. 
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BRITAIN’S ATOMIC FACTORIES 
ORGANISATION OF SEVEN YEARS’ WORK 


Ox February 4, 1946, the nucleus of the Division of Atomic Energy Production, 
consisting of “*‘ twelve men and women of all ranks,”’ moved into their headquarters 
at Risley, Lancashire. Of this group only one man knew anything at all about atomic 
energy. The first thing done was to “call a meeting of the group and ask the one 
informed member, who had spent some time at the Canadian atomic energy plant, 
to tell the rest in the simplest terms what atomic energy was.” Those words from the 
official book on Britain’s atomic factories* are not the least remarkable feature of this 
first general report on atomic energy production in Britain. The book describes the 
construction and operation of the three factories — Springfields, Windscale and Capen- 
hurst — and the organisation of the work at the Risley headquarters. This article is 
an extract from the chapter dealing with the 
organisation of the work, and is accompanied by 
some of the illustrations, with brief captions. 


THE ENGINEER’S APPROACH TO 
DESIGN 

The design and construction of the factories 
is an engineering achievement that has not been 
surpassed in the history of British industry. 
Indeed, it is doubtful whether factories of such 
complexity and size involving so many unknowns 
have ever before been built and commissioned 
in such a short space of time in this country. 

Generalisations are notoricusly dangerous 
things and never more so than when they are 
made about a man’s attitude to his work. 
Nevertheless we will risk saying that the broad 
difference between a scientist and an engineer is 
that the first is interested in knowledge for its 
own sake while the second is interested in the 
possibility of applying knowledge to practical 
ends. Thus nuclear fission interests a scientist 
because it is a new fact about nature which 


throws light on the structure of the nucleus, but it 
interests an engineer because it is accompanied 
by the release of energy which might be turned 
into useful power. The means devised must be 
the most economical and efficient possible. 
When a factory for the manufacture of a 
specified product is to be designed the first need 
is for information about the process to be used. 
This is provided by the research people in the 
form of a flowsheet. From the flowsheet the 
process is broken down into major units, each of 
which consists of a group of related stages in the 
process and will usually be located in a separate 
building in the finished factory. Each unit is 
then considered in a little more detail; the 
quantities of materials to be handled in it, the 
capacities of vessels, and the services needed are 
decided and a theoretical diagram of the building 
and its equipment is drawn. This may be called 
the scratching stage of the design, when most of 
the scribblings on bits of paper and arguments 
about methods take place and the design is in 
its most fluid state; succeeding stages become 
progressively more concerned with detail and 
exact sizes. When this outline has been settled, 


* Britain’s Atomic Factories: The Story of Atomic 
Energy Production in Britain. By K. E. B. Jay, B.Sc., 
A.Inst.P. H.M. Stationery Office (5s. net). 


Part of the crude uranium oxide plant at Springfiefds. 
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Desk in a pile control room at Windscale. 


the design is further elaborated and general 
arrangement drawings are made; these take the 
design a good deal further than the theoretical 
plan but they are still not very detailed. At the 
same time, supply of the principal materials and 
equipment is considered. Here economic factors 
are of primary importance; unless there are over- 
riding technical considerations the choice of 
materials will depend on cost and availability, 
factors that are closely inter-related. At this 
stage any material or equipment that is likely to 
take a long time to obtain is ordered. The last 
stage of the design procedure consists of the 
detailing of every item of plant, equipment, and 
buildings. This is the stage at which the volume 
of design work, and consequently the design 
staff, reaches its maximum. It is followed by, 
or more often goes along with, the actual con- 
struction of the works. 


THE RISLEY ORGANISATION 


At Risley, design is the responsibility of Sir 
Christopher Hinton’s deputy, Mr. W. L. Owen, 
the Assistant Controller Engineering, whose 
staff is organised under several chief engineers, 
each responsible for different kinds of plant - 
piles, chemical plant, diffusion plant, and so on. 
Under the directors there are design engineers, 
each in charge of a major unit in the factory 
being designed. These men are the pivotal 
figures in the organisation, on whom all design 
and construction activity centres and upon whom 
all responsibility for the completed plant devolves. 

By overall planning is meant deciding how in 
detail to meet the policy requirements, i.e., 
determining the kind and purpose of each factory 
in the Division, the output of finished product 
from each, the date on which production shall 
begin, and hence the size and cost of the factories 
and the dates at which design must start and con- 
struction be completed. These decisions are 
made by Sir Christopher Hinton in consultation 
with Mr. Owen. With the broad outlines 
settled, each individual factory is assigned to the 
appropriate design director, who breaks the 
factory down into major units. He then hands 
each unit to a design engineer who from then on 
has the full responsibility for producing at the 
specified time a factory unit capable of perform- 
ing efficiently and economically the specifi 
part of the process. re 

The Risley design engineer’s resp ynsibility 
for all aspects of the work of creating « factory 
unit must be emphasised. In many org: «isations 
a design engineer is responsible only for oviding 
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a technicel design at a specified cost to fulfil 
closely deiined functions; cost control, purchas- 
ing, and erection, are in the hands of other 
pranches Of the organisation. At Risley, a 
different attitude is taken towards the design 
engineer. He is in complete charge of all aspects 
of the job. He has to decide what it will cost, 
justify his estimate, and see that in fact the 
estimate is not exceeded; he is ultimately re- 
sponsible for the technical suitability of everything 
bought or built although he does not actually 
place orders or negotiate contracts; and again, 
although the Ministry of Works acts as agent in 
the construction of the factories, the design 
engineer must agree all the work of construction 
and erection on the site. Nothing in the whole 
uit is finished until the design engineer has 
approved it. If things go well, his is the credit, 
if ill, his the blame. 

The actual process of design follows the outline 
given earlier. Flowsheets are translated into 
process units and machines, cost estimates are 
made, an outline diagram of the layout is worked 
out, materials and equipment are specified and 
ordered, general arrangement plans and detailed 
drawings are made. The design engineer has to 
take account of all sorts of factors and require- 
ments and therefore to consult all sorts of 
specialists. 

As the design progresses the design engineer, 
as well as consulting specialists, may get them 
actually to do the design of certain parts — for 
example, of power service installations or of 
buildings - but he remains responsible for the 
final result and therefore has to approve the 
specialist's designs. Sometimes particularly 
tricky calculations are involved, for example, in 
the design of piles, and a mathematical specialist’s 
advice must be sought. Reference has been 
made on several occasions to the fact that funda- 
mental scientific and technical information about 
the process is often lacking; the design engineer 
has then to seek the help of the research scientists, 
and once or twice in the past has even had to set 
up experiments on a semi-technical scale in order 
to check methods under plant conditions, before 
he could complete his design. When the con- 
struction phase arrives he collaborates with the 
Ministry of Works, explaining exactly what he 
wants, checking their detailed designs of buildings, 
and overseeing the progress of work on the site. 


RISLEY’S METHODS 


There is a fundamental doctrine, perhaps not 
peculiar to Risley but certainly more strongly 
emphasised there than in most places, that might 
te called the doctrine of the immutable target 
date. When the design of a factory or plant 
begins at Risley a date is set at which the factory 
or plant is to go into production, and this date is 
tegarded as immutable ; whatever happens it 
must be met. Risley is proud of the fact that 
none of its major projects, however complicated 
or extensive, has been more than three or four 
weeks late even though the construction period 
has been several years. This is a record that is 
probably unique in post-war British industry. 
How has it been achieved ? The answer is by 
paying the closest attention to planning an 
‘nterprise from beginning to end, in broad outline 
and in the smallest details, and then making 
certain that 1e plan is carried out. 

Planning | 2gins with an overall estimate of the 
lime require’ for each major stage in building a 
factory — de sn, construction, operating trials. 
This Plan is -xpressed in the form of a diagram 
inWhich the ‘me span for each phase is shown as 
— ho ‘zontal line. The plan is then 
tlaborated, ©. ch factory being dissected into its 
ePonent rocess units, each unit into its 
— achines, each machine into its 

ponent p. rts. For each of these successively 








General view of Windscale Works, showing the piles. 


more detailed sections a time diagram is pre- 
pared showing in detail when each step in 
design and construction must begin and end, 
when parts and materials must be ordered and 
delivered, when varying amounts of labour must 
become available, and so on. As the design 
unfolds so the diagram becomes more and more 
detailed ; a building that appeared as two lines 
on the overall diagram may occupy 50 pages of 
detailed plan. 

These plans are worked out by a planning 
section under a chief engineer who is responsible 
for making overall plans, advising design engi- 
neers about planning their own projects and 
co-ordinating the many projects, and working 
out detailed plans. Throughout a job the plan 
is compared with progress in design, con- 
struction and procurement of material. As work 
is done a green line is drawn alongside the black 
line of the plan ; as long as this green line keeps 
pace with the black allis well. If things go awry, 
details have to be revised. These revisions appear 
on the plan as red lines which show at a glance 
where the danger spots lie and enable the design 
engineer to deploy his effort differently or even 
seek help, if there is likely to be any interference 
with the overall plan. For in no circumstances 
is a red line allowed to creep beyond the thick 
vertical line that marks the target date for 
completing the project and cuts abruptly across 
all the horizontal lines of the plan. The target 
date is immutable. 

But a plan, however carefully made, is of little 
value unless it brings about action, and red lines 
mutely signalling on paper might as well never 
be drawn if no notice is taken of them. One of 
the most important means by which plans are 
revised, action engendered, and work carried out 
at Risley are the site progress meetings. These 
are held on the factory site, at least once a month, 
from the beginning of the work and are attended 
by the design engineers, representatives of all the 
advising sections, the supply departments, 
Ministry of Works, the production side and, if 
necessary, the contractors. At the meeting every 
detail of the work is discussed ; progress is 
compared with plan, and instructions given to 
ensure that any red lines on the latter are stopped 
as quickly as possible; design or construction 
effort may be turned from one part of the work 


to another that is behind-hand, materials 
diverted, or steps taken to speed laggard supplies. 

A Supply Group has been set up under a chief 
engineer, which is responsible for every aspect 
of supply and purchasing except the purely legal 
business of placing the contract ; this is done by 
a branch of the Directorate of Contracts which, 
in order to reduce delays, is housed at Risley 
and has powers to place contracts up to very 
considerable sums. The Supply Group draws up 
specifications for every piece of equipment or 
material to be purchased, scrutinises the tenders 
when they are received by the Contracts Branch, 
and maintains contact with the contractors to 
ensure that the goods are delivered at the proper 
time. The Group is responsible for preparing all 
estimates of capital costs, and for comparing 
actual monthly expenditure with estimates to see 
that it falls continuously and properly within 





Hand and foot radiation monitor. 








A control deck at Capenhurst. 


those estimates ; this procedure ensures that 
departures from estimated costs are noticed early 
enough to do something about them, and it 
provides a useful guide to the rate of construction 
progress. 

The Group’s responsibility for Divisional 
standards means that it has the job of choosing a 
range of standard materials, engineering com- 
ponents and other items of which large quantities 
are required, for use in all the factories and plants 
of the Production Division. Special attention is 
paid by the Supply Group to progressing orders. 

Most of what has been said so far has been 
concerned with the design and construction of 
factories, but it must be remembered that Risley 
is also responsible for operating these works. 
The production side is under the charge of the 
Assistant Controller, Production, Mr. D. W. 
Cole. The bulk of his professional staff is at the 
factories — works managers, superintending engi- 
neers, and group managers working under the 
three works general managers — but there is a 
headquarters staff under a director of production, 
which is occupied in examining the general 
problems of production, economy of processes, 
suitability of proposed new methods, training of 
staff and so on, and in advising design engineers 
on the production aspects of new projects. 


SPECIAL PROBLEMS AT RISLEY 


It is not too much to say that the second 
cardinal doctrine of the organisation, after that 
of the immutable date, is the doctrine of the 
essential engineer. Every operation except the 
purely administrative and clerical is controlled 
and usually performed by an engineer because 
only by so doing is it possible to ensure that the 
engineering point of view prevails. For instance, 
in the Supply Group all estimating and all 
purchasing is done by engineers because they 
alone have the technical knowledge to relate 
plant items to costs or specifications in tenders to 
equipment in shops. 

It is easy to see, therefore, why the recruitment 
of engineers has been the central consideration in 
building up the organisation. Moreover, the 
standard laid down was very high ; only the best 
were good enough. Recruitment, particularly of 
design staff, has been a matter of the greatest 


The instruments and controls are used to regulate the plant below them. 


difficulty. The total number of men in the 
country with experience of chemical plant design 
is comparatively small and most of them were 
already in good jobs when Risley opened its 
doors, and the war seriously interfered with 
training of new men. The Division realised from 
the start that it would have to manage with a 
small number of experienced designers and it 
concentrated on recruiting young men who, if 
they were short of experience, were nevertheless 
possessed of real ability and were willing to take 
responsibility. Having recruited these men, 
special attention was given to training them and 
the result has been very satisfactory. With the 
passage of time, experience has been added to 
ability and a staff has been built up of young men 
— the average age of the engineering department 
is only just over 30-full of ideas, enthusiasm 
and courage as well as skill, all the qualities that 
one needs when doing pioneering work. 


RESEARCH AND DEVELOPMENT 


As is well known, the primary responsibility 
for research in matters connected with atomic 
energy rests on Sir John Cockcroft and the 
establishment at Harwell. The principal effort 
of this establishment is, however, necessarily 
directed to long-term investigations, to dis- 
covering the basic scientific facts. In the success- 
ful industrial application of these facts there may 
be a difficult development process, and although 
the Harwell scientists have contributed much to 
the solution of technical problems which have 
arisen in the course of constructing the factories, 
investigations of this kind often come outside 
their terms of reference or cannot be tackled, 
with the facilities and staff available, in time to 
give design engineers answers as soon as they 
want them. In the early days this sort of 
development was done with the assistance of 
Imperial Chemical Industries, Limited, who 
undertook to provide flowsheets for engineering 
design. This required work both in the I.C.I. 
laboratories and in semi-technical scale experi- 
ments in the factories to assist the engineers in 
the completion of their designs. The arrange- 
ment worked well and the large contribution 
made in the early days by the I.C.I. development 
groups was reflected in the speed at which the 
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factories were built and in their 
operation from the start. 

It was found, however, that there was stil] g 
need for some specialised services to be provided 
from laboratories within the Risley organisation - 
a small laboratory was therefore set up Within 
the Springfields factory. This was successful and 
the work was extended until in April, 1951, ap 
Assistant Controller (Research and Develop. 
ment), Mr. L. Rotherham, was appointed and the 
laboratories organised into a properly constituted 
Research and Development Branch. At the 
present time, four large laboratories are jp 
existence and most of the type of work formerly 
done by I.C.I. is now the responsibility of the 
Applied Research and Development Branch. 

Long-term research is still essentially the 
responsibility of Harwell, with whom there is, 
needless to say, the closest liaison and collabora. 
tion. The work of the R. and D. Branch is 
almost entirely planned research and develop. 
ment, tied to firm target dates in the same 
rigorous way as the design work at Risley. 


Successful 


SUMMARY 


Risley has brought into being a new industry 
worth scores of millions of pounds, having three 
major plants based on processes entirely new in 
industry in Great Britain and even, in some 
instances, in the world. Permanent employment 
has been given to thousands of people, chiefly in 
areas in which there has hitherto been a serious 
lack of work. All this has been done in a little 
over seven years, during a period in which 
industry was fully occupied in making up for the 
loss of civilian production resulting from the 
war and had little incentive to interest itself in 
such an unknown enterprise as atomic energy. 

The quality of the job was assured by building 
up a first-rate design organisation. The speed 
with which the work has been done was attained 
primarily by placing responsibility for major 
units of the factories squarely on individual design 
engineers and by stream-lined planning and 
supply arrangements. The effectiveness of these 
measures was enhanced by the high degree of 
autonomy within the Ministry of Supply which 
has been given to Risley in matters relating to 
finance, recruitment, accommodation, and pur- 
chasing. Moreover, great contributions have 
been made by all parts of the engineering and 
chemical industries in producing unusual mate- 
rials and manufacturing awkward plant com- 
ponents and machines. 

It has been a remarkable story but it is only the 
first chapter. Risley has built the factories for 
“‘the manufacture of fissile material” ; now 
comes the “‘ generation of power.” 


Dryboxes in use in a ‘* hot ” laboratory. 
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Labour Notes 
ENGINEERING WAGES 


“Spectacular” increases in productivity in the 
engineering industry, the large and continuous 
rise in profits, and repeated advances in living 
costs were the three grounds mentioned by Mr. 
J. Tanner, on behalf of the Confederation of 
Shipbuilding and Engineering Unions, as the 
basis upon which the engineering unions relied 
to justify their claim for an all-round increase of 
3s. in the pound in the wages of adult male 
employees in the industry. Outlining the Con- 
federation’s case before the court of inquiry 
appointed by the Minister of Labour to investi- 
gate the causes and progress of the wage dispute 
in the industry, Mr. Tanner stated that the 
unions fully realised the importance of the 
engineering industry to the country’s economy 
and were well aware of the serious effects which 
a protracted struggle might have. They were 
most anxious, therefore, that a peaceful solution 
should be found, but were convinced of the 
justice of their claim. 

The unions had asked for a percentage increase 
rather than a uniform advance, Mr. Tanner 
informed Lord Justice Morris, who presided, in 
order that any further narrowing of existing 
differentials between skilled, semi-skilled and 
unskilled workpeople might be avoided. Wages 
in the industry had risen by much less than had 
the cost of living since the war. Although the 
employers urged that this gap was relatively 
unimportant because earnings were greater than 
the minimum-wage rates, owing to payments for 
overtime and piecework, that did not help those 
employees who were paid little more than the 
minimum rate and who were not engaged in any 
system of payment by results. 

Employers affirmed that the average earnings 
in the industry had risen, since the beginning of 
1948, by more than the retail-prices index had 
during the same period. In fact, however, most 
men were earning much less than the figures 
given. Production was now S50 per cent. higher 
per individual, on the average, than in 1946, 
but this increase was not generally reflected in 
employees’ earnings. 

Mr. Tanner presented figures suggesting that 
the reserves of the leading engineering concerns 
had risen to 673 million pounds in 1952, or more 
than twice as much as their issued capital of 
326 million pounds. Gross profits of all engi- 
neering, shipbuilding and electrical-goods com- 
panies had risen from 152 million pounds in 
1947 to 305 million pounds in 1951. 

A 15 per cent. increase in wage rates in 1950 
would have added no more than 24 per cent. to 
total costs, and would have amounted to no 
more than between 60 and 65 million pounds. 
Even at the present time, the total cost would be 
“little more ” than 75 million pounds. 


ORDERS, EARNINGS AND LIVING 
STANDARDS 


Mr. B. Macarty, director of the Engineering 
and Allied Employers’ National Federation, 
referring to increases in wages which had taken 
Place during post-war years, reminded the court 
that an increase of 7s. 4d. a week had been 
agreed with the unions in November, 1952, and 
that, only five months later, the unions had 
decided to present a further demand. It could 
not be accepted that most employees in the 
industry hid suffered a decline in their living 
standards, 

After quoting figures in support of his con- 
tentions, \-. Macarty stated that in the engineer- 
ig indust-y, where average earnings of adult 
Men exceec:d the average of industry in general 
by approxi nately 14s. a week, it was clear that 


full regard was being paid to the earnings and 
consequent standard of living of the employees. 
Earnings, indeed, had advanced with the expan- 
sion of the engineering industry, but it had to be 
borne in mind that, during the last year or two, 
production had been greatly in excess of incoming 
orders. 

During the year ended May, 1953, engineering 
orders had declined by 25 per cent. compared 
with the year ended May, 1952, which, in turn, 
had declined by more than 8 per cent. compared 
with orders for the year ended May, 1951. 
Export orders alone showed a decline of 20 per 
cent. during 1952-53, after a decline of about 
124 per cent. during the previous twelve months. 

There had been a definite adverse profits trend 
during 1953. The greater part of so-called 
profits had to be retained by businesses to finance 
future activities. Profits were not earned merely 
to pay dividends: a point unions often over- 
looked. 


STRIKE IN ELECTRICAL-CONTRACTING 


INDUSTRY 

After a series of short token strikes in many 
parts of the country during the week ended 
January 16, and the one-day nation-wide strike 
last Monday, even more serious stoppages have 
been threatened in the electrical-contracting 
industry. 

No special action appears to have been 
directed against firms closely connected with the 
employers’ organisation, the National Federated 
Electrical Association, as was stated to have been 
the case with the previous series of sporadic 
strikes in the industry, last autumn, but many 
of the stoppages last week occurred at sites of 
special importance to the national economy. 
In some instances, men who came out on strike 
did not return to work the next day. 

This was the case with electricians employed 
at the atomic-research establishments at Sella- 
field, Cumberland, and Aldermaston, Berkshire, 
and at the oil refineries at Ellesmere Port and 
Coryton. Men at these sites who ceased work 
on January 14 were idle on the following days 
as well. When men employed at Olympia 
ceased work on January 15, it was stated that 
they would remain out indefinitely. 

The Electrical Trades Union announced late 
on Monday that the national stoppage on that 
day had met with an “ overwhelming ”’ response. 
Mass meetings, which had been held in many 
towns, had endorsed the union’s policy. Union 
leaders in London said that the token stoppages 
would be resumed on January 19, and that some 
8,000 men in the London area would take part 
in a week-long strike commencing on Monday 
next. 


MINERS’ WAGE-CLAIM EXPECTATIONS 


Leaders of the National Union of Mine- 
workers were due to meet representatives of the 
National Coal Board last Wednesday, when it 
was expected that the Board would make an 
acceptable offer and that negotiations on the 
men’s wage claims, which have extended over 
some months, would be satisfactorily completed. 
The union had requested increases of 2s. 1d. 
a shift for surface employees and of 2s. 3d. a 
shift for men employed underground. As 
miners are paid at the rate of six shifts for every 
five worked, increases at this level were equiva- 
lent to advances of 12s. 6d. a week in the mini- 
mum rates of surface employees and of 13s. 6d. 
a week in the minimum rates of miners working 
underground. 

Warnings of the severe disappointment which 
would follow any failure to reach a satisfactory 
settlement of the wage claims were given by 
Mr. W. Paynter, President of the union’s South 
Wales area, in a speech at Treharris, Glamorgan- 
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shire, on January 16. He told miners in the 
area that, to secure a return to the real wages 
level of 1947, the union’s claim for day-wage 
men, which included the lowest-paid grades in 
the industry, would have to be met in full. 

Mr. Paynter said that the union could not 
accept less than the full amounts claimed without 
surrendering the principle upon which the 
demands were based. If the offer to be made by 
the Board did not admit the claim in full, he 
felt that the result could only be widespread 
action by the miners throughout the various coal- 
fields. In such a situation, it was certain that 
the agreement to continue voluntary working 
on Saturdays would not be renewed. 

It had become generally recognised among all 
sections of the miners that the organised working 
of overtime, and the earnings that accrued from 
such work, were a definite obstacle to securing 
a living wage for a normal week’s work. That 
was one of the main reasons why the agitation 
to end all Saturday work was being pursued 
more urgently than ever before. 


EXTRA DANGER MONEY FOR 
STEEL ERECTORS 


Men employed in the erection of steelwork, of 
whom there are estimated to be nearly 12,000 in 
the engineering-construction industry, are to 
receive larger sums in danger money for working 
at heights. Under the terms of an agreement 
concluded between their trade organisation, the 
Constructional Engineering Union, and the 
Engineering and Allied Employers’ National 
Federation on January 14, men employed at 
from 75 ft. to 100 ft. above ground will get 3d. 
an hour “height money” ; those working at 
from 100 ft. to 150 ft. will be paid 5d. an hour 
above the standard rates ; and a further 5d. an 
hour will be payable for each additional 50 ft. 
above ground at which work is undertaken. 

Claims for higher pay for working at heights 
above ground level have been under considera- 
tion for some time and came very much to the 
fore in November last after a dispute on a 
development scheme at Scunthorpe Steelworks. 
The original claim put forward by the union was 
for “height money” to be paid to all men 
working more than 40 ft. above ground. Until 
the present award, extra money was only 
payable to men working at heights of 100 ft. or 
above. The employers considered that if “height 
money ” were payable for work done above 40 ft. 
up, nearly every steel erector would be paid extra. 

In a statement issued by the union, Mr. Jack 
Stanley, the general secretary, announced that 
about 10,000 of the organisation’s members 
would benefit from the awards, which would 
come into operation at once. It would mean 
that a considerable proportion of the membership 
would in future draw 3d. an hour “ height ” 
money who previously did not receive anything 
for working at high levels. 


DOCKERS’ ACCIDENT INSURANCE 


A further source of disturbance in the present 
troubled industrial situation seems likely to arise 
next week. Reports were presented to a mass 
meeting of dock employees in London on 
Sunday last respecting the serving of third-party 
notices on fellow workpeople in connection with 
accidents arising at the docks. The practice was 
roundly condemned and the meeting, held under 
the auspices of the National Amalgamated Steve- 
dores and Dockers, called upon the dock 
employers to arrange for all members of the 
union to be fully covered against accidents 
arising out of their employment. The men 
decided that, unless the employers took out such 
insurance reasonably soon, they would withdraw 
their services until such time as the employers 
consented to insure them. 


NOTICES OF MEETINGS 


British Institution of Radio Engineers 
WOLVERHAMPTON 
“* Microwave-Measuring Instruments,” by P. M. Ratcliffe. 
West Midlands Section. Wolverhampton and Staffordshire 
Technical College, Wulfruna-street, Wolverhampton. Tues., 
Jan. 26, 7.15 p.m. 


Chemical Society 
CAMBRIDGE 


“The Chemical Society : Present and Future,” by Dr. R. S. 
Cahn. Chemical Laboratory, The University, Cambridge. 
Fri., Jan. 29, 8.30 p.m. 
CARDIFF 
“ Radiation Chemistry,” by Professor F. S. Dainton. 
versity College, Cardiff. Mon., Jan. 25, 5.30 p.m. 
SHEFFIELD 
“ Electron Diffraction in Gases Applied to Inorganic Chem- 
istry,”” by Dr. L. E. Sutton. Chemistry Theatre, The Uni- 
versity, Sheffield. Thurs., Jan. 28, 7.30 p.m. 


Uni- 


Electrical Association for Women 
LONDON 
“* Western Germany To-Day : Electricity for the Home,” by 
Miss E. J. Sharp. Institution of Electrical Engineers, Savoy- 
place, Victoria-embankment, W.C.2. Tues., Jan. 26, 6 p.m. 


Illuminating Engineering Society 
LONDON 
“ Design of Lighting Fittings.” 
Bureau, 2 Savoy-hill, W.C.2. 


Discussion. Lighting Service 
Tues., Jan. 26, 6 p.m. 


Incorporated Plant Engineers 

BIRMINGHAM 

*“ Hydraulics,” by W. R. Groves. 

ham. Fri., Jan. 29, 7.30 p.m. 
LEEDS 

Film Evening. 

University, Leeds. 
SHEFFIELD 

“Planned Maintenance,” by O. F. Lewis. 

Sheffield. Thurs., Jan. 28, 7.30 p.m. 


Institute of British Foundrymen 
BIRMINGHAM 
“An Approach to Foundry Mechanical Handling,” by 
Cc. M. G. Wallwork. James Watt Memorial Institute, Bir- 
mingham. Wed., Jan. 27, 7.15 p.m. 
NEWPORT 
“Core Assembly Methods,” by Ivor Rees. Wales and 
Monmouth Branch. Newport Technical College, Clarence- 
place, Newport. Sat., Jan. 30, 6 p.m. 


Institute of Fuel 


Imperial Hotel, Birming- 


West and East Yorkshire Branch. The 
Mon., Jan. 25, 7.30 p.m. 


Grand Hotel, 


LONDON 
“ Refractory Recuperators,” by F. H. Cass, Dr. N. L. Franklin 
and Professor A. L. Roberts. Institution of Mechanical 
Engineers, | Birdcage-walk, S.W.1. Tues., Jan. 26, 5.30 p.m. 
BIRMINGHAM 
“ Industrial Drying, with Reference to Problems of the Paint 
and Foundry Industries,” by A. M. Lehmann. James Watt 
Memorial Institute, Birmingham. Thurs., Jan. 28, 6 p.m. 
GLASGOW 
“ Fine Crushing of Coal,” by Dr. J. Taylor. 
College, Glasgow. Thurs., Jan. 28, 7 p.m. 
NOTTINGHAM 
“The Coal Problem,” by D. Hicks. 
Nottingham. Thurs., Jan. 28, 6.15 p.m. 


Institute of Marine Engineers 
BIRMINGHAM 
“ Resistance to Failure of Condenser and Heat Exchanger 
Tubes in Marine Service,” by Dr. P. T. Gilbert. Imperial 
Hotel, Birmingham. Thurs., Jan. 28, 7 p.m. 


Institution of Civil Engineers 
LONDON 


“ Rainfall, Run-Off and Storage: Elan and Claerwen 

Gathering Grounds,” by C. A. Risbridger and W. H. Godfrey. 

Hydraulics Engineering Division. Tues., Jan. 26, 5.30 p.m. 
MANCHESTER 

* Site Exploration and Foundation Problems,” by E. Morton. 

North-Western Association. College of Technology, Man- 

chester. Wed., Jan. 27, 6.30 p.m. 


SHEFFIELD 
“ Six Similar Shaft Sinking Accidents, 1905-1952,” by I. C. 
Easton. Yorkshire Association. Royal Victoria Station 
Hotel, Sheffield. Fri., Jan. 29, 7 p.m. 


Institution of Electrical Engineers 
LONDON 
“Should Sound Broadcasting Be Entirely in the Very-High- 
Frequency Band?” Discussion, opened by Dr. A. J. Biggs. 
Radio Section. Mon., Jan. 25, 5.30 p.m. 


xk * 
HARMFUL ATMOSPHERES 


A conference to investigate the maximum allow- 
able concentrations of harmful materials in 
industrial atmospheres has been arranged by the 
British Occupational Hygiene Society and will 
be held at the London School of Hygiene 
and Tropical Medicine, Keppel-street, London, 
W.C.1, on April 6, 1954. Further details may be 
had from Mr. P. C. G. Isaac, King’s College, 
Newcastle-upon-Tyne. 


Royal Technical 


Gas Showrooms, 


“ Service Experience of the Effect of Corrosion on Steel-Cored 
Aluminium Overhead-Line Conductors,” by Dr. J. S. Forrest 
and J. M. Ward. Supply Section. Wed., Jan. 27, 5.30 p.m. 
HUDDERSFIELD 
“Teaching of Electrostatics.” Discussion, opened by S. 
Barnett. North Midland Centre. Huddersfield Technical 
College, Queen-street South, Huddersfield. Tues., Jan. 26, 
§.30 p.m. 
NEWCASTLE-UPON-TYNE 
“Continuity of Electricity Supply,” by H. Leyburn. North- 
Eastern Centre. Literary and Philosophical Society’s Head- 
quarters, Newcastle-upon-Tyne. Mon., Jan. 25, 6.15 p.m. 
WORCESTER 
“Royal Festival Hall: Electrical Installation,” by J. G. 
Hunter. South Midland Centre. Works Institute, Hylton 
Road Power Station, Worcester. Thurs., Jan. 28, 7.15 p.m. 


Institution of Engineers-in-Charge 
LONDON 
Films, introduced by N. J. Shalson. 
Wilcox, Ltd., Salisbury-square, 
6.30 p.m. 


Institution of Engineers and Shipbuilders in Scotland 
GLASGOW 
“ Research in Marine Auxiliary Machinery,” by S. Weinberg. 
Tues., Jan. 26, 6.45 p.m. 


Institution of Mechanical Engineers 
LONDON 
““Some Model Experiments on Special Control Valves,” by 
D. Firth and Leslie Young. Hydraulics Group. Fri., 
Jan. 29, 5.30 p.m. 
BIRMINGHAM 
“Functions of Materials in Bearing Operation,” by P. P. 
Love, P. G. Forrester and A. E. Burke. Birmingham A.D. 
Centre. James Watt Memorial Institute, Birmingham. Tues., 
Jan. 26, 6.45 p.m. 
BRISTOL 
Annual Meeting. Western Branch. Grand Hotel, Bristol. 
Tues., Jan. 26, 7 p.m. 
“Functions of Materials in Bearing Operation,” by P. P. 
Love, P. G. Forrester and A. E. Burke. Western A.D. Centre. 
Grand Hotel, Bristol. Thurs., Jan. 28, 6.45 p.m. 
CAMBRIDGE 
“Relaxation Methods: A Retrospect,” by Sir Richard 
Southwell. Repetition of Thomas Hawksley Lecture. Eastern 
Branch. Engineering Laboratory, The University, Cambridge. 
Tues., Jan. 26, 8.15 p.m. 
DERBY 
** Development of the Aston Martin Car,” by R. L. Wyer. 
Derby A.D. Centre. Midland Hotel, Derby. Mon., Jan. 25, 
7.15 p.m. 
SHEFFIELD 
Chairman’s Address. Yorkshire Branch. The University, 
St. George’s-square, Sheffield. Wed., Jan. 27, 6.30 p.m. 


Institution of Mining Engineers 


Offices of Babcock and 
E.C.4. Wed., Jan. 27, 


LONDON 
Presidential Address, by Major Noel E. Webster. 
Meeting. Connaught Rooms, Great Queen-street, 
Thurs., Jan. 28, 11.15 a.m. 


Institution of Production Engineers 
CAMBORNE, CORNWALL 
“Some Notes on the Technique of Casting Aluminium-Alloy 
Billets by the Continuous-Casting Process,” by E. Mitchison. 
School of Mines, Camborne. Thurs., Jan. 28, 7.15 p.m. 
COVENTRY 
“Recent Developments in Metal Machining,” by K. J. B. 
Wolfe. Geisha Café, Hertford-street, Coventry. Tues., 
Jan. 26, 7 p.m. 
LUTON 
“Hat Manufacture,” by D. A. Bagni. 
Tues., Jan. 26, 7.15 p.m. 
MANCHESTER 
“ Printing-Machine Construction and Functioning,” by R. 
Hall. College of Technology, Manchester. Mon., Jan. 25, 
7.15 p.m. 
SHEFFIELD 
Informal Meeting. Grand Hotel, Sheffield. Mon., Jan. 25, 
6.30 p.m. 


Annual 
W.C.2. 


Town Hall, Luton. 


The address of the headquarters of each Institution is given in the following list. 
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SHREWSBURY 
“* Spheroidal-Graphite Cast Iron,” by Dr. A. Ef 
Shrewsbury Technical College, Shrewsbury. Wed 
7.30 p.m. 


Institution of the Rubber Industry 
MANCHESTER 
“* Man-Made Fibres in the Rubber Industry,” by 
Illingworth. Engineers’ Club, Manchester. Mon . 
6.15 p.m. 


Everest, 


Institution of Structural Engineers 
LONDON 
“* Design and Construction of a Welded Portal-Fr=me Ware. 
house Building Designed by the Plastic Method,” by E, J 
Callard. Thurs., Jan. 28, 6 p.m. 
CARDIFF and SWANSEA 
“Structures.” Discussion. Wales and Monmouthshire 
Branch. South Wales Institute of Engineers, Park-place, 
Cardiff, Tues., Jan. 26, 6.30 p.m. ; and Mackworth Hotel, 
Swansea, Wed., Jan. 27, 6.30 p.m. 
MANCHESTER 
“* Site Exploration and Foundation Problems,” by E. Morton, 
Lancashire and Cheshire Branch. College of Technology, 
Manchester. Wed., Jan. 27, 6.30 p.m. 


Institution of Works Managers 


WOLVERHAMPTON 
“* We Must Do Better,” by E. C. G. England. Star and Garter 
Royal Hotel, Wolverhampton. Tues., Jan. 26, 7 p.m. 


Junior Institution of Engineers 

LONDON 

“* Wheel Equipment, with Particular Reference to Aircraft,” 

by C. D. Holland. Townsend House, Greycoat-place, $.W.1, 

Fri., Jan. 29, 7 p.m. 
MANCHESTER 

** Flour-Milling Plant,” 

Section. 

p.m. 


by L. T. Ansley. North-Western 
Engineers’ Club, Manchester. Mon., Jan. 25, 7.30 


Liverpool Engineering Society 
LIVERPOOL 
“Development of Industrial Gas Turbines,” by G. B. R. 
Feilden. Wed., Jan. 27, 6 p.m. 


North East Coast Institution of Engineers and 
Shipbuilders 
NEWCASTLE-UPON-TYNE 
“Stress Investigations on a Tanker During Launching,” by 
A. J. Johnson and M. Meek. Mining Institute, Newcastle- 
upon-Tyne. Fri., Jan. 29, 6.15 p.m. 


Royal Aeronautical Society 
LONDON 
“X-Ray Metallography,” by Dr. G. L. J. Bailey. Section 
Lecture. Tues., Jan. 26, 7 p.m. 


The Royal Society 
LONDON 


‘4The Physiology of Man at High Altitudes.” Discussion, 
opened by Sir Bryan Matthews. Thurs., Jan. 28, 2.30 p.m. 


Royal Statistical Society 
SHEFFIELD 
* Quality Control in the United States,” by E. D. van Rest. 
Sheffield Industrial Applications Group. Grand Hotel, 
Sheffield. Thurs., Jan. 28, 6.30 p.m. 


Society of Engineers 
LONDON 


Chairman’s Address. 
6 p.m. 


Informal Section. Thurs., Jan. 28, 


Society of Instrument Technology 
LONDON 
‘Kinematic Design.” Discussion, opened by Dr. H. J. 
Braddick. Manson House, Portland-place, W.1. Tues, 
Jan. 26, 7 p.m. 


Women’s Engineering Society 
MANCHESTER 
“‘ Manufacture of Forged-Steel Railway Wheels,” by E. I. 
White. Engineers’ Club, Manchester. Wed., Jan. 2), 
6.45 p.m. 


Meetings held in the 


headquarters town are held at this address unless otherwise stated. Particulars for this column should 


reach the Editor not later than Monday morning 


British Institution of Radio Engineers, 9 Bedford-square, 
London, W.C.1. 

Chemical Society, Burlington House, Piccadilly, London, W.1. 

Electrical Association for Women, 35 Grosvenor-place, London, 


S.W.1. 
Illuminating Engineering Society, 32 Victoria-street, London, 


Incorporated Plant Engineers, 48 Drury-lane, Solihull, Bir- 
mingham. 
Institute of British Foundrymen, St. John Street Chambers, 
ansgate, Manchester, 3. 
— of Fuel, 18 Devonshire-street, Portland-place, London, 
1 


Institute of Marine Engineers, 85 The Minories, London, E.C.3. 
Institution of Civil Engineers, Great George-street, London, 
ae 


Institution of Electrical Engineers, 
embankment, London, W.C.2. 

Institution of Engineers-in-Charge, St. Bride Institute, Bride-lane, 
London, E.C.4. 

Institution of ~ and Shipbuilders in Scotland, 39 Elm- 
bank-crescent, Glasgow, C.2. 

Institution of Mechanical Engineers, 1 Birdcage-walk, St. James’s 
Park, London, S.W.1. 


Savoy-place, Victoria- 


in the week preceding the date of the meeting. 


Institution of Mining Engineers, Salisbury House, Finsbury- 
circus, London, E.C.2. 

Institution of Production Engineers, 36 Portman-square, London, 
w.il 


Institution of the Rubber Industry, 12 Whitehall, Londoa, 
S.W.1. eialilh 
Institution of Structural Engineers, 11 Upper Belgra 


London, S.W.1. 
Institution of Works Managers, 67-68 Chandos-place, London, 
WwW 


cm - 
Junior Institution of Engineers, 39 Victoria-street, London, 
S.W.1. “ D ‘ 


—— .; Society, 9 The Temple, 
iverpool, 2. a 
North East’ Coast Institution of Engineers and Shipbuilders, 
Bolbec Hall, Newcastle-upon-Tyne, |. wil 
Royal Aeronautical Society, 4 Hamilton-place, London, Wi. 
The Royal Society, Burlington House, Piccadilly, ] . . 
Royal Statistical Society, 21 Bentinck-street, London, "¥-* 
Society of Engineers, 17 Victoria-street, London, S.W. 
asx | of Instrument Technology, 55 Tudor-garc:® 


Women's Engineering Society 35 Grosvenor-p! 
.W. 1. 





